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SUMMARY
The Botany Wetlands is an important freshwater ecosystem in the Sydney 
area which provides a significant habitat for aquatic flora and fauna. 
Additionally, these Wetlands have value as an aesthetic backdrop to an 
urban landscape, provide a recreational, historical and flood mitigation 
resource, and provide the opportunity for scientific and educational use. The 
Wetlands are degraded due to urbanisation of the catchment and past 
management practices.
This specific objectives of this study were to;
* set up a data base of water quality parameters,
* assess spatial and temporal changes in water quality in the Wetlands,
* consider the effects of specific discharges, and,
* examine management options.
To achieve these objectives a water quality monitoring program was set in 
place to collect data to quantify the quality of water entering the Wetlands 
from the urban drainage system during different weather conditions, and 
assess the surface water quality throughout the Wetlands themselves.
Data were collected for the three year period between 1/7/89 and 8/6/92. 
Statistical analysis of these data identified that surface water quality in the 
Wetlands did not meet acceptable criteria set by the NSW Environment 
Protection Authority for all major water pollutants with the exception of toxic
organics.
Three major causes of poor water quality in the Wetlands were identified -  
polluted urban runoff, leachate from a disused landfill site and a nutrient 
source within the Wetlands themselves. Although water quality generally 
improves as it moves through the Wetlands, it still does not meet acceptable 
criteria for maintenance of an aquatic ecosystem as it flows into Botany Bay. 
Temporal changes in water quality in response to streamflow conditions 
were found to be insignificant.
Management options which have been considered on the basis of these 
results include -  catchment wide management of urban runoff aimed at 
reduction of pollutants at source, interception of polluted urban runoff from 
two major stormwater inlets, management of leachate from the disused 
landfill site and nutrient management within the Wetlands. These 
management options should be applied within the overall environmental 
management framework embracing the principles of total catchment 
management and ecological sustainable development.
It can be concluded that the specific objectives of the study have been 
achieved with the setting up of a useful data base of water quality 
parameters. This data base has allowed an assessment of spatial and 
temporal changes in water quality, identification of the significance of specific 
discharges and examination of management options.
1
3
5
6
10
12
16
20
23
24
26
29
34
38
41
42
45
45
48
48
50
51
53
55
TABLE OF CONTENTS
INTRODUCTION
General .......................................................................
Objectives.....................................................................
STUDY AREA
Significance .................................................................
Location.......................................................................
C lim ate..........................................................................
Geology and topography.............................................
Botany Sands Aquifer .................................................
Land use .....................................................................
Flora ............................................................................
Fauna ............................................................................
H is to ry ..........................................................................
URBAN RUNOFF
Effects of urbanisation on hydrology and runoff quality
Other studies ..............................................................
Pollutant loadings ........................................................
Mobilisation and transportation mechanisms ..............
Water quality m odels...................................................
WATER POLLUTANTS
General .......................................................................
Suspended solids ........................................................
Nutrients.......................................................................
Phosphorus .................................................................
N itrogen.......................................................................
Eutrophication...............................................................
Sources of nutrients......................................................
Oxygen demanding substances ..................................
4.5 M icro-organisms...............................................................................56
4.6 Metals .............................................................................................. 59
4.7 Toxic organics................................................................................... 62
4.8 Oils ...................................................................................................66
4.9 L itte r...................................................................................................68
5. QUALITY CRITERIA FOR URBAN WATERWAYS
5.1 Water quality criteria ........................................................................ 71
5.2 Relevance of quality crite ria ............................................................. 73
5.3 Derivation of water quality criteria .................................................... 74
5.4 Environmental risk assessment.........................................................76
6. WATER QUALITY IN THE BOTANY WETLANDS
6.1 Perceived value.................................................................................78
6.2 Drainage............................................................................................78
6.3 Expected water quality in the Wetlands........................................... 79
7. WATER QUALITY ANALYSIS -  METHODOLOGY
7.1 Water sampling.................................................................................88
7.2 Site selection ...................................................................................93
7.3 Sampling techniques...................................................................... 101
7.4 Sampling parameters...................................................................... 102
7.5 Analysis of data ...............................................................................104
8. WATER QUALITY ANALYSIS -  RESULTS
8.1 Water quality in the Botany W etlands............................................109
8.2 Suspended solids .......................................................................... 111
8.3 Nutrients.......................................................................................... 115
8.3.1 Phosphorus ................................................................................... 115
8.3.2 N itrogen.......................................................................................... 117
8.4 Biological oxygen dem and............................................................. 123
8.5 Bacteria .......................................................................................... 125
8.6 Metals .............................................................................................130
8.6.1 General ........................................................................................... 130
8.6.2 Chromium......................................................................................... 130
8.6.3 Lead..................................................................................................131
8.6.4 N icke l................................................................................................132
8.6.5 Cadmium .........................................................................................134
8.6.6 Z in c ..................................................................................................136
8.6.7 C opper............................................................................................. 138
8.6.8 Iron ..................................................................................................139
8.7 Toxic organics.................................................................................. 141
8.8 O il/grease.....................................................................  141
8.9 Temperature, conductivity, pH ........................................................143
8.10 L itte r..................................................................................................144
8.11 Water quality in the W etlands..........................................................146
8.11.1 Comparison of wet and dry weather runoff entering
the W etlands.................................................................................... 148
8.11.2 Leachate .........................................................................................151
8.12 Correlations .................................................................................... 151
8.13 Effects of gross pollutant trap construction and associated
dredging in pond 6 ......................................................................... 154
9. DATA VALIDITY AND COLLECTION
9.1 Data validity/suitabiIity .....................................................................164
9.2 Data collection ................................................................................166
9.3 Representative samples...................................................................169
9.4 Analytical laboratory .......................................................................170
10. WATER QUALITY MANAGEMENT
10.1 General ...........................................................................................172
10.2 Management framework...................................................................174
10.3 Urban runoff management.............................................................. 175
10.3.1 Source controls................................................................................178
in
10.3.1.1 Legislation..................................................................................... 178
10.3.1.2 Planning ....................................................................................... 179
10.3.1.3 Erosion contro ls............................................................................ 180
10.3.1.4 Education .....................................................................................181
10.3.2 Interception methods.................................................................... 181
10.3.2.1 Trash ra cks ...................................................................................182
10.3.2.2 Gross pollutant traps ...................................................................182
10.3.2.3 Sediment traps..............................................................................184
10.3.2.4 Booms........................................................................................... 184
10.3.2.5 Pollution control ponds.................................................................185
10.3.3 Receiving water management .......................................................186
10.4 Leachate management ...................................................................186
10.5 Nutrient management .....................................................................187
10.5.1 Fertilizer........................................................................................... 187
10.5.2 Internal cyc ling ................................................................................ 188
10.6 Water quality management p la n ..................................................... 188
11. CONCLUSIONS ..............................................................................192
12. BIBLIOGRAPHY..............................................................................195
APPENDICES
APPENDIX A Vegetation species 
APPENDIX B Significant avifauna 
APPENDIX C Fish species 
APPENDIX D Discharge licenses 
APPENDIX E Raw water quality data 
APPENDIX F Criteria for organochlorines
iv
LIST OF TABLES
2.1 Land use ¡n the catchment a re a ....................................................... 21
3.1 Pollutant levels found in some urban runoff studies........................39
4.1 Typical concentrations of suspended solids as related to
land u s e ............................................................................................. 48
4.2 Nutrient concentrations (approximate thresholds) at which
excessive plant growth was observed................................................52
4.3 Concentrations of nutrients as related to land u s e .......................... 53
4.4 Concentrations of bacteria found in urban runoff
and sewage .......................................................................................59
4.5 Typical concentrations of some metals contained in
urban runoff .......................................................................................60
4.6 Organochlorines and polycyclic aromatic hydrocarbons which
may be present in urban runoff (USEPA 1983) ................................ 65
4.7 Concentrations of oil found in urban runoff ..................................... 68
4.8 Types, percentages and volumes of litter found in
urban waterways................................................................................70
6.1 Typical leachate characteristics ....................................................... 85
7.1 Sampling dates and rainfall (before dredging) .................................90
7.2 Sampling dates and rainfall (during dredging in pond 6 ) ................. 91
7.3 Sampling dates and rainfall (after dredging in pond 6) ................... 92
7.4 Water quality parameters determined during this study..................103
7.5 Skewness and kurtosis of raw and log transformed data ............. 106
8.1 Water quality criteria used to compare sample m eans..................110
8.2 Summary statistics for suspended so lid s ........................................111
8.3 Summary statistics for total phosphorus ........................................116
8.4 Summary statistics for total Kjeldahl nitrogen................................. 119
8.5 Summary statistics for amm onia..................................................... 120
8.6 Summary statistics for n itra te ..........................................................121
8.7 Summary statistics for B O D ............................................................ 124
8.8 Summary statistics for faecal conform s.......................................... 126
v
8.9 Summary statistics for faecal streptococci...................................... 127
8.10 Ratios of faecal conforms to faecal streptococci............................. 129
8.11 Summary statistics for chromium ....................................................131
8.12 Summary statistics for lead ............................................................ 132
8.13 Summary statistics for nickel .......................................................... 133
8.14 Summary statistics for cadm ium ......................................................135
8.15 Summary statistics for z in c ...............................................................137
8.16 Summary statistics for copper ........................................................138
8.17 Summary statistics for iro n .............................................................. 140
8.18 Summary statistics for oil/grease ................................................... 142
8.19 Ranges of temperature, conductivity and p H ................................. 143
8.20 Assessment of litter trapped in the Botany
Wetlands G PT...................................................................................145
8.21 Comparison of pollutant concentrations.......................................... 147
8.22 Estimated pollutant loadings at site 1 (base line flo w )....................150
8.23 Significant correlations between some parameters
(r values, p < 0.05) ..........................................................................153
8.24 Differences between mean values before, during
and after construction of the G P T .................................................. 157
8.25 Pollutant loads in sediment removed from the G P T .........................159
8.26 Differences between mean concentrations at sites 1 and 2 after
construction of G P T ....................................................................... 161
10.1 Urban runoff quality control measures.............................................177
LIST OF FIGURES
2.1 Location of the Botany Wetlands .................................................... 7
2.2 Surface water catchment area ........................................................  8
2.3 Lake configuration of the Botany Wetland Ponds............................. 9
2.4 Wind roses -  Sydney Airport ............................................................ 11
2.5 Extent and geology of the Botany Basin .......................................... 14
2.6 Sediments of the Botany Basin..........................................................15
vi
2.7 Extent of the Botany Sands aquifer...................................................18
2.8 Movement of groundwaters through the
Botany W etlands............................................................................19
2.9 Land use in the catchment................................................................22
2.10 Vegetation communities in the Botany Wetlands ............................ 25
3.1 Changes in hydrology due to urbanisation........................................30
3.2 Change in runoff hydrograph with urbanisation ...............................33
6.1 Drainage in the Botany Wetlands Catchment................................... 81
6.2 Diagrammatic representation of expected water in the Botany
Wetlands and major pollutant pathways ........................................ 87
7.1 Location of sampling points ............................................................. 96
8.1 Graph of concentrations of suspended solids at site 5 ...................114
8.2 Water quality effects of leachate from Astrolabe Park....................152
LIST OF PLATES
4.1 Engine Pond downstream of Botany Road
showing excessive vegetation growth ............................................ 54
7.1 Site 1 .................................................................................................. 97
7.2 Site 2 .................................................................................................. 97
7.3 Site 3 .................................................................................................. 98
7.4 Site 4 .................................................................................................. 98
7.5 Site 5 .................................................................................................. 99
7.6 Site 8 .................................................................................................. 99
7.7 Site 9 .................................................................................................100
8.1 GPT built upstream of pond 6 ..................................................... 155
8.2 Site of high flow bypass before GPT construction ..........................155
8.3 Dredging in pond 6 ....................................................................... 156
vii
1. INTRODUCTION
1.1 General
The Botany Wetlands are an important series of lakes in the Botany area, of 
Sydney, NSW.
These Wetlands are significant because they are the largest fresh water 
wetland in the Sydney region and as such form an important wildlife habitat 
for migratory water birds and other wetland fauna and flora (Land Systems 
1989).
The Botany Wetlands also have historical significance as they formed part of 
the water supply for the early settlement of Sydney, from 1858 to 1886. The 
National Trust has classified the wetlands under its Industrial Archaeology 
Classification (Land Systems 1989).
The Botany Aquifer underlies these lakes and surface water from the lakes 
replenishes this aquifer. Water is drawn from the aquifer to be used in 
industries in the Mascot and Botany areas and for watering purposes at 
parks, golf courses and gardens throughout the area. Recharge of the 
aquifer is likely to be directly from infiltration through the largely sandy 
sediments, and hence the quality of the surface waters bears directly on the 
quality of water in the aquifer.
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With increasing urbanisation of the catchment, a decline in water quality 
would be expected. However, as urbanisation has increased, some of the 
industries which affected the waterways by direct discharge of pollutants 
(e.g., wool scouring) have either moved out of the area or have controlled 
their discharges to conform with licences under the Clean Waters Act.
These land use changes, coupled with a strong community awareness of 
environmental and water quality issues, point to a need to assess the quality 
of the surface waters to allow an informed approach to management of the 
area in an environmentally sensitive manner.
A ministerial task force of the NSW State Government was commissioned in 
1988 to facilitate the preparation of a comprehensive plan of management 
for the Wetland system. This task force is being chaired by the Sydney 
Water Board and participating members include representatives from the 
Environment Protection Authority, Department of Conservation and Land 
Management, National Parks and Wildlife Service and Randwick and Botany 
Municipal Councils.
A draft plan of management has been prepared by Botany Municipal 
Council. Although this plan is comprehensive in its coverage of recreational 
and educational use of the Wetlands area, it does not address the total 
catchment area.
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The Water Board owns and manages the Wetlands. It has initiated some 
rehabilitation and preventative works in the Wetlands including the 
construction of a gross pollutant trap and macrophyte pond, and dredging in 
the upper end of the system.
This study was undertaken as part of the management program. The major 
aims were to investigate the quality of surface waters within the Botany 
Wetlands, and to relate the variations in quality to land use in the catchment 
and to variations in runoff.
1.2 Objectives
The major objectives of this study are:
1. the establishment of a data base of surface water quality parameters 
through the Wetlands;
2. assessment of existing surface water quality, as it varies spatially in 
response to diverse land uses and temporally in response to streamflow 
conditions;
3. consideration of the effects of specific discharges such as sewer 
overflows, and of streambed disturbances during construction of the 
gross pollutant trap;
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4. examination of management options, taking into consideration the 
present water quality, the sources of water quality problems and the 
need to improve water quality in relation both to surface and to 
subsurface resources.
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2. STUDY AREA
2.1 Significance
Briggs (1981) defines a wetland as an area of land which is permanently or 
temporarily covered by up to 2 metres of water. The significance of the 
Botany Wetlands cannot be overstated as it is the largest remaining 
freshwater wetland system in the Sydney region. Three wetlands existed on 
the northern side of Botany Bay before European settlement (Thorpe 1953). 
Systematic draining and reclamation have left only the Botany Wetlands, and 
this system has been much reduced and modified.
Wetlands are significant ecosystems that are highly complex and play an 
important role in nutrient recycling, assimilation of organic matter, sediment 
trapping and ecological productivity (State Pollution Control Commission 
1990). Additionally, wetlands can ameliorate extreme flows, thus reducing 
erosion, and act as natural filters, protecting receiving waters downstream. 
Their diverse habitats give them ecological, scientific and educational 
significance.
The Botany Wetlands have additional significance because of their historical 
link with European settlement, in providing a major fresh water supply.
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2.2 Location
The Botany Wetlands are located 8 kilometres south east of the Sydney 
central business district and approximately 2 kilometres east of Kingsford 
Smith airport (Fig. 2.1).
The Wetlands occupy a wet area of approximately 58 hectares and the 
wetland corridor extends over 4 kilometres from Gardeners Road, 
Kensington, in a south easterly direction to Botany Bay. The surface water 
catchment area of 1963 hectares stretches from Oxford Street Paddington 
and Bondi Junction in the north, east to Randwick and west to Alexandria 
(SMEC 1992)(Fig. 2.2).
The Wetlands are a series of eleven distinct lakes, interconnected by weirs 
and small confined channels which were built when the wetlands were used 
as Sydney's third water supply in the late 1800's and during various road 
construction projects (Fig. 2.3). Six weirs were constructed in the 1860's 
which changed the configuration of the wetlands to give the permanent open 
bodies of water seen today. Although there has been considerable road 
construction in the area in recent years there has been little change in lake 
configuration since 1875 (Benson etal. 1985).
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FIGURE 2.1
Location of the Botany Wetlands
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FIGURE 2.2
Surface water catchment area
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FIGURE 2.3
Lake configuration of the Botany Wetlands Ponds
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2.3 Climate
The Botany area has a warm temperate climate, due to its latitude and 
coastal location, with warm to hot summers, cool to cold winters and reliable 
rainfall all year (Bureau of Meteorology 1991).
Few extremes in temperature are experienced in the Sydney region. The 
average temperature in summer, as measured at Observatory Hill, is 22 
degrees Celsius, with a range of 26-18.5 degrees Celsius, and 12.5 degrees 
Celsius in winter, with a range of 17-6.5 degrees Celsius (Land Systems 
1989). Cooling onshore winds, including sea-breezes, moderate the coastal 
temperatures in January, and the Tasman Sea waters have a warming effect 
on the adjacent land in July (Bureau of Meteorology 1991).
Annual rainfall at Observatory Hill averages 1213 mm but has varied from 
582 mm to 2194 mm since 1859, with a marked seasonal variation (Bureau 
of Meteorology 1991). Storm activity between January and July produces 
70% of annual rainfall (Kinhill 1990).
Broad scale winds which influence weather conditions in the Sydney region 
can be divided into southerly and northerly components (Bureau of 
Meteorology 1991) (Fig. 2.4). South westerly winds are associated with 
southern low pressure systems which bring relatively dry warm conditions to 
the Sydney area because of the progressive loss of moisture by precipitation
page 10
FIGURE 2.4
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as they cross the southern coast and mountain ranges of Victoria and NSW. 
South easterly winds bring cool, dry conditions although periods of heavy 
showers are possible.
The northerly wind component includes north west winds which bring high 
temperatures and dry conditions while the north easterly winds are generally 
associated with cool stable air conditions with high humidity. Infrequently, 
winds from the north east bring heavy rain when driven by a low pressure 
system.
Three local winds occur which can mask broad scale regional winds and 
thus influence local weather patterns. Sea breezes from the east are 
frequent during summer and may have a significant cooling effect on coastal 
areas. In winter, katabatic drift and land breezes give rise to light westerly 
winds. The Southerly Burster, an intense cold front which moves up the 
NSW coast, produces strong squally southerly winds near the coast (Bureau 
of Meteorology 1991). These Southerly Bursters occur on average ten times 
a year usually between September and March and arrive in the late 
afternoon.
2.4 Geology and topography
The Wetlands are situated in the geological structure known as the Botany 
Basin. This Basin is a shallow tectonic depression within the Sydney Basin
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which has been formed by the development of river systems of at least 
Tertiary age (NSW Department of Mineral Resources 1983).
The extent and geology of the Botany Basin are shown in Figure 2.5.
Eustatic fluctuations have caused alternating cycles of erosion and 
deposition in the Botany Basin, with additional sand being brought in by 
ocean currents and wind. The Botany Basin is currently infilled with 
unconsolidated Quaternary sediments consisting predominantly of fine 
grained, uniform quartzoze porous and permeable sands (NSW Department 
of Mineral Resources 1983). Interspersed with these sands are thin 
discontinuous lenses of marine clays, swamp peats and shell beds (Johnson 
1978)(Fig. 2.6). These sediments range in thickness from less than 1 metre 
to 80 metres. The quaternary deposits generally thicken towards the south 
and south east, forming a discontinuous sequence from fluvial at the base 
through estuarine to terrestrial swamp and aeolian deposits (Jankowski and 
Knight 1991).
The surface topography of the Botany Basin is generally flat, consisting of 
broad valleys and floodplains which rise only a few metres above sea level 
(Kinhill 1990). The northern region of the Botany Basin consists of low 
ridges, or sandhills, with gentle slopes. Elevation rises to 110 m above 
Australian Height Datum at Bondi Junction Reservoir (SMEC 1992).
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FIGURE 2.5
Extent and geology of the Botany Basin
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FIGURE 2.6
Sediments of the Botany Basin
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2.5 Botany Sands Aquifer
Jankowski and Knight (1991) describe the main source of groundwater 
associated with the Botany Basin as that derived from the unconsolidated 
Quaternary sediments which form the Botany Sands Aquifer. This aquifer 
covers an area of around 18300 hectares and has an average thickness of 
15 metres. It is located north of Botany Bay and east of Cooks River and 
underlies the Botany Wetlands (Kidd 1990) (Fig. 2.7).
Recharge of the aquifer is through direct infiltration from surface waters, 
precipitation into unconsolidated sediments in open space areas, and street 
runoff from urban and industrial areas of the catchment (Jankowski and 
Knight 1991). The fluctuation in the water level in bores monitored by the 
Department of Water Resources is relatively small, however a strong 
correlation with rainfall exists. Groundwater movement is generally to the 
south and south east.
The Botany Sands aquifer is intrinsically linked with the Botany Wetlands. 
The Botany Wetlands, occupying around 1.3 km2, are a small part of the 
aquifers catchment, but may supply much of the recharge water to the 
aquifer. The exact link between surface and ground waters is the subject of 
some conjecture. Griffin (1963) and Johnson (1981) state that the surface 
waters are major recharge areas for the groundwaters; however Knight et al. 
(1990) suggest that this theory is only valid for the ponds in the Centennial
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Park area. The interaction between surface and ground water in the Botany 
Wetlands area is complex with the northern ponds of the Wetlands (ponds 4, 
5 and 6), and the southern part of the Mill Pond, acting as both recharge 
and discharge ponds with the remaining ponds acting as discharge ponds 
(Knight et al. 1990) (Fig. 2.8).
The Wetlands have been divided into three hydrochemical and hydrological 
zones by Knight et al. (1990). These three different zones define the link 
between the ground water and the surface water and are referred to as the 
northern, central and southern zones. The northern zone (ponds 4, 5 and 6) 
is influenced by discharging regional groundwater from the upper section of 
the catchment, including Centennial Park, because of its location in a 
topographically higher, relatively flat part of the Botany Basin. The central 
zone (ponds 3, 3A, 2, 1 and 1A) is in a topographical depression between 
sand hills and receives regional ground water from the northern zone in 
addition to locally discharging ground water. The southern zone (Mill Pond 
and Engine Ponds) is below the central zone topographical depression and 
is thus influenced by lateral movement of local ground water and regionally 
discharging groundwater from the upper ponds. This interpretation is derived 
primarily from hydrochemical characteristics of the aquifer, rather than direct 
measurements of groundwater and/or surface flows.
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FIGURE 2.7
Extent of the Botany Sands Aquifer
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FIGURE 2.8
Movement o f ground water through the Botany Wetlands
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The unconfined nature of the aquifer and recharging from surface waters 
makes it vulnerable to contamination by pollutants from general urban runoff 
and seepage from industrial areas (Kidd 1990). Although discharge to the 
surface waters from the groundwater is the dominant process, during periods 
of drought and heavy use of aquifer water, recharge from surface water 
becomes the dominant process. Recent studies indicate a general rise in 
salinity in aquifer waters since 1963, and the presence of relatively high 
levels of heavy metals, toxic organics and bacteria has been reported 
(Knight et a!. 1990, Water Board 1990). Due to increased concern about the 
quality of aquifer waters in recent years, use of the groundwater is 
decreasing (SMEC 1992).
The Botany Sands aquifer is the only major underground water supply in the 
Sydney area and is used by industries in the Botany and Mascot areas. 
Sufficient mains water supply is not available to industries currently using 
aquifer water and, therefore, the quality of the water is of importance. 
Because the aquifer is intrinsically linked with the surface waters, quality of 
the surface waters is also an issue.
2.6 Land Use
Land use in the Botany Wetlands catchment area is predominantly 
residential development and open space, with some industry in the south 
eastern section of the catchment (Fig. 2.9).
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The upper catchment, which lies upstream of Gardeners Road and broadly 
corresponds with Knights northern hydrological zone, consists of 46% 
residential/commercial use, 50% open space and 4% educational use 
(Webb McKeown 1989) (Table 2.1).
The lower catchment, south of Gardeners Road and corresponding to 
Knights central and southern hydrological zone, is approximately half the 
size of the upper catchment. Land use in this lower catchment is around 
45% open space, 45% industrial and 10% residential (Table 2.1).
TABLE 2.1
Land use in the catchment area 
(approximate percentages only)
Use Upper Lower Total
Catchment Catchment
(Randwick (Botany
Municipality) Municipality)
Open space 50% 45% 48%
Industrial 0% 45% 15%
Residential* 50% 10% 37%
* includes commercial and other special uses
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The total catchment area is 19.63 km2 with an impervious fraction of 33% or 
6.47 km2 (SMEC 1992).
The Water Board owns and controls the Botany Wetlands and the areas 
immediately adjacent to the Wetlands between Botany Road and Gardeners 
Road. The majority of the area adjacent to the Wetlands is under lease from 
the Water Board to the Lakes and Eastlakes Golf Clubs (Fig. 2.9). The area 
south of Botany Road to Botany Bay is under control of the Federal Airports 
Corporation.
2.7 Flora
In a flora survey conducted by the Royal Botanic Gardens in 1985 (Benson 
et a l 1985), 80 species were recorded as being present. Of these, 31 
species were considered to be introduced. Although the number of 
indigenous species was greater, the introduced species were present in 
much larger numbers and covered a greater area. Changes were initiated by 
damming in the 1860's and subsequent changes in lake configuration. 
Increased sedimentation and nutrient input from urbanisation of the 
catchment may also have been contributing factors in the replacement of 
indigenous flora with exotic species.
Four weed species -  Ludwigea peruviana, Salvinia moiesta, Nyphaea 
mezicana (water lily) and Eichhornia crassipes (water hyacinth) -  dominate
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in open waters of the lakes. Nevertheless this Wetland is a significant habitat 
for indigenous species because it is the largest freshwater wetland system in 
the entire Sydney region. Many of the indigenous species still colonise the 
margins of the lakes.
There are four distinct vegetation communities in the area -  grassland, 
sedgeland, shrubland and aquatic communities (Fig. 2.10). A list of the 
species found in each of these communities (Benson et a!. 1985) is 
contained in Appendix A.
2.8 Fauna
Birds are the most numerous faunal group in the area. More than 100 
species are recorded and many of these are listed as endangered or rare 
(Land Systems 1989). This wetland provides several significant habitats for 
wetland birds including birds protected under the Japan/Australia Migratory 
Bird Treaty (1974) to which New South Wales is a signatory. A list of 
significant avifauna found in the area (Striker et a l 1990) is included in 
Appendix B.
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Ten species of fish were found in the wetlands during a recent fish survey 
carried out by the Fisheries Research Institute (Striker et al. 1990). Of these 
ten species, seven are native and three introduced (Appendix C). The 
species diversity is considered to be low for this type of habitat. This is 
possibly due to extensive disturbance and habitat modification. Migration of 
species into and through the wetlands is restricted by the constructed weirs.
The occurrence of terrestrial fauna has not been documented. However the 
extreme habitat modification would indicate that most indigenous species 
would be excluded. Land Systems (1989) suggest that, of native species, 
only bandicoots, common brushtail possums, water rats, small skinks and 
frogs would still be present.
2.9 History
The historical significance of this wetland area is well documented and is 
substantiated by the National Trust's Industrial Archaeology classification. 
The area within the northern section of the Botany Basin originally contained 
an extensive wetland system known as the Lachlan Swamps and the Botany 
Swamps. The Lachlan Swamps area, which is now infilled, was situated 
north of the Botany Swamps, in the vicinity of Centennial Park, with the 
Botany Swamps being in the present position of the Botany Wetlands. 
Damming and reclamation has resulted in the current wetland system.
page 26
The original water supply for Sydney, the Tank Stream, was supplemented 
In 1830 by a tunnel from Centennial Park to Hyde Park (Busby's Bore) which 
tapped the Lachlan Swamps (Hawke 1975). The Botany Swamps Water 
Supply Scheme was introduced in 1858 and involved excavation of the 
engine pond and a large pumping station near the Cooks River outlet (Jeans 
1975). This station pumped water into reservoirs at Crown Street and 
Paddington from both the Botany Swamps and the Lachlan Swamps. Six 
dams were erected along the course of the swamps in 1866-7 to assist 
retention of fresh water. This water supply scheme operated until 1886 when 
the Nepean scheme came into operation.
In the early 1800's many industries occupied the land around the swamps 
because of the fresh water supply. In 1858, when the swamps were 
exploited for domestic water supply, polluting industries were removed. 
However, in 1886, when domestic use ceased, most of the land adjoining 
the lower dams area was leased to industries which required water and an 
extensive industrial area developed in the southern and western area of the 
Botany Sand Beds. Because of the banning of noxious industries from 
central Sydney, the industries located in the area were often highly polluting 
industries such as tanneries, wool scourers and boiling down works to 
produce soap, glue, tallow and candles (Jeans 1975). Many of these 
industries also discharged noxious effluent into the Wetlands. Although these 
heavily polluting industries no longer exist in this area, industrial 
development has continued with the establishment of several chemical
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industries in the 1930's and 1940's and the addition of petroleum terminals in 
the 1950's and 1960's (Kidd 1990). The Water Board and the NSW 
Environment Protection Authority now licence discharges from these 
industries. Although the majority of these industries discharge to the sewer, 
two licences exist for discharge into stormwater drains that enter the Botany 
Wetlands. Pollutants which are limited by these licences include biological 
oxygen demand, suspended solids and chlorine. Details of these licences 
are included in Appendix D.
Recreational areas were developed in the north and a steady increase in 
residential and industrial development occurred with at least 50% of the area 
being developed by 1930. Development since 1930 has consisted primarily 
of urban consolidation.
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3. URBAN RUNOFF
3.1 Effects of urbanisation on hydrology and runoff quality
Urbanisation has a profound effect on the physical characteristics of a 
catchment area and as such would be expected to have an equally profound 
effect on the runoff regime or hydrology and on pollutant loads In the runoff. 
The effects of urbanisation on the runoff regime are well documented by 
many researchers including Bryan (1972), Anglno et al. (1972), Gutteridge 
Haskins and Davey (1981), Terstrelp et al. (1986) and Zuidema (1977).
Because the runoff response to a rainfall event is dependent on the physical 
characteristics of the catchment area, and the nature of the event, 
urbanisation effects occur in two stages, the construction or development 
stage and the consolidation stage. The hydrology of an area changes 
continuously through these stages from the commencement of development 
through the construction period to maturity and consolidation (Zuidema 
1977) (Fig. 3.1).
The greatest rate of change in runoff response would be expected during the 
development stages of urbanisation with a corresponding decrease in the 
rate of change as maturity is reached.
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FIGURE 3.1
Changes in hydrology due to urbanisation 
(after M inistry of the Environment 1983)
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Little further change in hydrological characteristics would be expected during 
the consolidation stage.
An increase in the area of impervious surfaces is possibly the most obvious 
physical change associated with development of an urban area. This 
increase in impervious surface area increases runoff volumes and flow rates 
by reducing infiltration and decreasing natural water storage areas (Angino 
et al. 1972). The infiltration rate of natural storage areas is dependent on soil 
type, underlying geology, vegetation cover, rainfall intensity and antecedent 
moisture conditions. After urbanisation of part of a catchment, any remaining 
natural areas are unlikely to be able to absorb increased runoff volume. 
Impervious surfaces can contribute more than 60% of urban runoff volume 
even though they may be only a small percentage of the surface area of the 
catchment (Terstreip et al. 1986). Codner et al. (1988) noted an increase in 
peak discharge by a factor of 10 for the one year average recurrence 
interval event after urbanisation of a catchment in Canberra.
During the development stages, the land surface is grossly disturbed, 
leaving the soil open to erosion by wind and rain. When vegetation cover is 
removed, erosion and sediment rates can increase by a factor of 100 or 
more (Pilgrim 1987). This eroded material is usually transported to receiving 
waters where it can cause considerable degradation of aquatic habitats and 
changes in flooding regime. Vegetation clearance and replacement are also 
likely to alter the storage potential of soils by changing evapotranspiration
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rates.
Once an urban area is fully developed, suspended solids loads may 
decrease but changes to runoff characteristics persist and other pollutants 
become significant. Hydraulically efficient channels replace natural 
waterways to carry urban runoff to receiving waters as quickly as possible, 
thus reducing flooding potential and erosion of stream beds and banks. 
These channels increase velocities of stormwaters entering the receiving 
waters and, coupled with increased volume, alter the runoff hydrograph (Fig. 
3.2).
Urbanisation also alters the quality of stormwater runoff. Pollutants produced 
from general urban activities tend to accumulate on the impervious surfaces 
and are flushed into receiving waters during rainfall events (Terstreip et al. 
1986). These pollutants include particulate matter from industrial activity and 
traffic emissions, dust and solids from construction sites, vegetative matter 
from parks and gardens, nutrients and bacteria from animal faeces and 
sewer overflows and seepage, and heavy metals from industrial sites.
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FIGURE 3.2
Change in runoff hydrograph with urbanisation 
(after M inistry of the Environment 1983)
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Terstreip et a l (1986) state that urbanisation leads to a general degradation 
of stream habitats. In addition to problems associated with increased 
sedimentation, receiving waters are also disrupted by a greater variation in 
flow and water temperatures from wet to dry periods.
Receiving waters vary in their capacity to assimilate any pollutant load 
depending on their hydrology and morphology. Therefore urbanisation, 
because of its effects on these factors, must also affect assimilative capacity 
of aquatic habitats (Smalls 1986).
The effects of urbanisation can be summarised as follows:
1. runoff volumes are increased because of the increase in impervious 
areas and a decrease in natural storage areas,
2. the discharge into receiving waters is at an increased velocity 
because of hydraulically more efficient channels, and,
3. there is an increase in pollutant loads (Angino et a l 1972).
3.2 Other studies
In comparison with the United States of America, only limited data exists in 
Australia on the impacts of diffuse source pollution on receiving waters 
(Camp Scott and Furphy Pty Ltd 1988). Studies that have been conducted in 
Australia include those by Gutteridge Haskins and Davey (1981) in 
Melbourne, Cullen (1982) in Canberra, State Pollution Control Commission
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(1982) in Sydney, Camp Scott and Furphy Pty Ltd (1988) in Sydney, and 
Cordery (1977) in Sydney.
Gutteridge Haskins and Davey (1981) studied thirteen urban catchments in 
Melbourne, with detailed analysis of five of the catchments. This study 
included the collection of water samples during rainfall events by using 
automatic and manual sample collection techniques and relation of the 
analytical results to rainfall and runoff volumes. The major findings of this 
study were:
1. runoff volumes were directly related to rainfall,
2. runoff volumes showed little correlation with intensities or antecedent 
rainfall,
3. pollutant loads were directly related to volumes with little correlation to 
antecedent rainfall, and,
4. pollutant loads from industrial areas were twice those for residential 
catchments.
The study by Camp Scott and Furphy Pty Ltd (1988) included three 
catchments in Sydney -  a developing residential catchment, an established 
residential catchment and a rural catchment. Automatic samplers were used 
for sample collection at preset levels throughout the duration of the rainfall 
event. Results of this study showed significant difference in the total 
amounts of different pollutants in each catchment area. These results can be
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summarised as follows:
1. the developing residential catchment had the highest total amount of 
suspended solids.
2. the established residential catchment had higher total amounts of 
ammonia, chemical oxygen demand, oxidised nitrogen, total phosphorus 
and filterable phosphorus transferred than developing and rural 
catchments
3. a higher total amount of Kjeldahl nitrogen was transferred in the rural 
catchment than the established and developing residential catchments.
4. a high correlation was found between suspended solids and other 
pollutants, indicating that the majority of pollutants are bound to 
particulate/soil material.
5. an increase in impervious areas associated with urbanisation 
dramatically increased the total quantity of rainfall that became runoff 
and increased the peak flow rate.
Cordery (1977) studied three catchments in Sydney under both dry flow and 
flood flow conditions. All sampling was by grab samples. Results of this 
study were:
1. there was a significant pollutant load being transported in the 
stormwater system,
2. the total load of pollutants from the catchments was found to be
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significantly higher than secondary treated sewage effluent,
3. each catchment showed a first flush effect, which can be described as 
high concentrations of pollutants during the first few minutes of the event 
with a gradual decline as the event progresses, and,
4. the levels of pollutants in the early part of the flood flow were found to 
be significantly higher than secondary treated sewage while the 
concentrations in the latter stages tended to be similar to secondary 
treated effluent.
There appear to be some differences between urban catchments in the 
recovery time of peak pollutant loads or concentrations during individual 
events. The recovery time is the time taken for pollutant loads or 
concentrations to return to those of average dry weather flow. Angino et al. 
(1972) observed a peak shortly after the onset of a storm which diminished 
within 30 minutes of onset, while Bryan (1972) observed two peaks, one in 
the initial flush which fell within a few minutes and another peak 
approximately 20 minutes after onset. Weibel et al. (1964) observed no 
distinct first flush and a gradual decline in pollutant loadings over the 
duration of the storm. These differences can possibly be explained by 
catchment characteristics. A catchment with a high percentage of pervious 
surfaces such as parks and gardens may not experience a first flush effect 
because of infiltration and retardation of the initial flow. Such a catchment 
would also be expected to display a gradual recovery. Conversely, a 
catchment with a high percentage of impervious surfaces should experience
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a first flush effect, and a fast recovery, as the build up of pollutants on 
these surfaces is washed off. Weibel et a/. (1964) state that two peaks 
would be expected in a catchment with impervious surfaces in the lower end 
and pervious surfaces in the upper part of the catchment.
These studies show a great variation in the loads of pollutants contained in 
general urban runoff due to variations both in runoff characteristics and in 
pollutant concentrations (Table 3.1). The variations in concentrations also 
can be attributed to different catchment characteristics. However the levels 
do indicate that urbanisation can cause degradation of waterways unless 
management techniques are adopted to counteract detrimental effects.
3.3 Pollutant loadings
Many water quality studies and quality criteria use concentrations as a 
measure of the amount of pollutant present in the water, usually expressed 
as mg/L or /ig/L. Concentrations of pollutants contained in urban runoff are 
typically highly variable and concentrations often change with flow rates. A 
flow weighted pollutant loading, which details the total amount contained in 
the water body, is possibly a more significant indication of the extent of 
pollution contained in urban runoff (O'Loughlin and Robinson 1987). The 
pollutant load is an estimation of the total amount transported through the 
system over a specific time period and is often expressed as kg/ha/yr.
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TABLE 3.1
Pollutant levels found in some urban runoff studies
Source B iological
Oxygen
Dem and
(m g/L)
Suspended
Solids
(mg/L)
Nitrogen
(mg/L)
Phosphorus
(mg/L)
Faecal j
Conforms
(CFU/
100m l) |
Weibel fit fil. 2-84 210 8.19 3.15 58000 |
(1964) (range) (mean) (mean) (mean) (mean)
Angino si al. 6.91 609 6.2
(1972) (mean) (mean) (mean)
Bryan (1972) 2.2-232 274-13900 0.15-2.5 3000-
(range) (range) (range) 190000
(range)
Cordery (1977) 31 59 1.5 1.6 5300000
(mean) (mean) (mean) (mean) (mean)
SPCC (1989) 10-60 150-650 COi
ind 0.1-1.5 10000- |
(range) (range) (range) (range) 1000000 I
(range)
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The mean annual pollutant load Is an estimate based on average annual 
rainfall and characteristics of the catchment. These catchment characteristics 
include area and infiItration/runoff rates. Mean annual loadings are used in 
estimating changes in pollutant loadings as urban areas expand or change in 
nature and form the basis of most catchment models.
Using pollutant loadings in their recent study in the Macarthur South area, 
south west of Sydney, Sinclair Knight and Partners (1990) modelled the 
effects of urban expansion on water quality in the Nepean River. Using 
scenarios of different densities of urban expansion, loadings of biological 
oxygen demand, total phosphorus, ammonia, nitrate and total Kjeldahl 
nitrogen to the river were found to be unacceptable. The findings of the 
Sinclair Knight and Partners (1990) study have allowed planning of urban 
expansion in the area to minimise the risk of increased pollutant loads 
reaching the Nepean River. This planning includes appropriate on-site 
erosion controls and off-site pollution control devices.
Although a useful measure for quantifying cumulative effects and for making 
predictions, a disadvantage of the use of an annual loading is that it does 
not give an indication of loadings during individual short term events which 
may cause severe short term pollution and are important when considering 
treatment of stormwaters prior to discharge into receiving waters (State 
Pollution Control Commission 1977).
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3.4 Mobilisation and transportation mechanisms
The majority of pollutants contained in urban runoff accumulate on 
impervious areas such as roof, road and other pavement surfaces. When 
sufficient rainfall occurs to produce runoff, these accumulated pollutants will 
then be carried in the surface flow and into the drainage system (Cattell and 
White 1989). Deposition onto impervious surfaces occurs through both wet 
and dry atmospheric fallout.
There are two major methods of pollutant transportation in a waterway -  in 
the dissolved state and associated with particulate matter. Analysis of 
samples taken from the water column will usually only measure the 
dissolved fraction of pollutants, which may change with depth and flow 
velocity, and may not be an accurate measure of the total pollutant load 
being transported. Dissolution of pollutants will be dependent on the 
solubility of the particular pollutant, as well as water temperature and total 
water chemistry. While some pollutants, or proportions of the concentrations 
found in urban runoff, may dissolve, many pollutants have an affinity to 
particulate matter and are chemically or physically bound to surfaces of 
particulate matter thus being transported in association with suspended 
particulate matter (Smalls 1989).
Factors which affect the adsorption of pollutants to particulate matter include: 
* solubility of the pollutant
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* concentration of the pollutant,
* type and size of particulate matter, particularly organic content
* concentrations of other chemicals and ions in solution,
* temperature.
Conductivity, as a measure of dissolved ions in solution, in addition to 
suspended solid concentration can be used to indicate the relative 
proportions of dissolved and particulate fractions.
3.5 Water quality models
A useful water quality management tool which has seen considerable 
development in recent years is the mathematical modelling of water quality. 
With the increasing emphasis on quality management of urban runoff in 
recent years, a number of water quality models have been developed, as 
extensions of hydrologic models. They allow sophisticated analysis and 
prediction of pollutant loads, transportation mechanisms and effects of 
pollutant loads on receiving waters. Water quality models also allow 
prediction of changes in water quality due to factors such as catchment 
development and the implementation of management strategies.
Ideally the water quality model will fully replicate the physical processes 
involved; however, these processes are so complex that full replication is 
rarely achieved (Ball 1989). Simplifying assumptions are by necessity built
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into water quality models, and it is these assumptions which will determine 
the best model for use in a particular catchment.
Quality models require the consideration of many factors which include dry 
weather accumulation, dry weather removal, washoff, soil erosion and 
deposition within the drainage system (Bail 1989).
Possibly the best known water pollution models are STORM and SWMM 
(O'Loughlin and Robinson 1987). These models are deterministic models, 
based on physical simulation of water quality, and were developed in the 
USA. Both STORM and SWMM model the deposition of pollutants on 
surfaces within the catchment, their mobilisation during storms, and the 
effects of factors such as dilution, settling and decay during transportation 
(O'Loughlin and Robinson 1987).
Although urban runoff studies in both the USA and Australia indicate similar 
pollutant levels, White and Cattell (1992) suggest that complex models such 
as STORM and SWMM have only limited use in Australia. STORM and 
SWMM require extensive data for calibration and verification and few 
catchments in Australia have adequate data bases. White and Cattell (1992) 
suggest that a less sophisticated stochastic model, such as AUSQUAL 
(Gamtron 1990), is more appropriate to Australian conditions.
AUSQUAL is based on identification of areas of land use within
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subcatchments with clearly defined hydrologic boundaries. Each land use 
area is assigned an export coefficient which is based on pervious and 
impervious fractions and unit area pollutant loadings. The unit area pollutant 
loadings are based on constant concentrations. This Is particularly 
appropriate to Australian data because most routinely collected data are in 
the form of concentrations, so the technique uses the largest water quality 
data base available in Australia (White and Cattell 1992).
Although modelling is a useful management tool, it should be stressed that 
the validity of its results depends on the availability of good data to calibrate 
and validate the model. For this reason, a major objective of this study has 
been to establish an adequate data base to characterise flows through the 
Botany Wetlands.
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4. WATER POLLUTANTS
4.1 General
The pollutants that are frequently observed in urban runoff and contribute to 
degradation of receiving waters are:
* suspended solids
* nutrients
* oxygen demanding substances
* micro-organisms
* toxic organics
* toxic trace metals
* oils and grease
* floating litter
This list of pollutants has been compiled using State Pollution Control 
Commission (1989) in addition to Gutteridge Haskins and Davey (1981), 
Cordery (1977), Terstriep et al. (1986), Ellis (1988), Weibel et al. (1964).
4.2 Suspended solids
Suspended solids, which include silts, clays and other particulate matter 
which are not dissolved in the water column, are possibly the most
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significant pollutant in receiving waters because of their capacity to adsorb 
and transport other pollutants (Hart 1974). Particulate matter is a critical 
factor in the physical movement, chemical spéciation and biological fate of 
trace metals and toxic organics (Allan 1986). If settlement occurs, these 
associated pollutants may accumulate in the sediments and be resuspended 
under differing environmental conditions.
In addition to being an important transportation mechanism for other 
pollutants, suspended solids increase turbidity in water bodies, thus reducing 
the aesthetic appeal of waterways and light penetration. Reduced light 
penetration can affect the growth of aquatic plants, which indirectly disrupts 
faunal communities (Extence 1978). Sedimentation of solids may also affect 
bottom aquatic organisms by smothering and by habitat disruption (State 
Pollution Control Commission 1989). If sedimentation continues, navigation 
can be restricted and promotion of the growth of aquatic weeds may occur.
Sources of suspended solids include soil erosion from development sites 
and other exposed areas, and atmospheric fall out from vehicle and 
industrial process emissions. Particulate matter from vehicle and other 
emissions accumulates on impervious surfaces and is washed into the 
stormwater system during rainfall events, often contributing to a first flush 
effect.
In a fully developed catchment, such as the Botany Wetlands, high
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concentrations of suspended solids from soil erosion would not be expected. 
However with the close vicinity of Kingsford Smith Airport, the Sydney 
central business district and the highly industrialised area of Alexandria, a 
high level of atmospheric fallout may occur, possibly with distinct 
compositional patterns. The ponds in Centennial Park in the upper 
catchment should reduce the suspended solid load entering the upper 
wetlands. Some settling would be expected to occur in these ponds, and 
indeed throughout the wetlands system.
Concentrations of suspended solids found in waterways have been found to 
be directly related to land use. Vegetated open space areas typically 
produce lower concentrations of suspended solids than residential areas, 
and industrial areas produce significantly greater loads than residential land. 
Typical concentrations of suspended solids found in urban runoff, as related 
to land use, are shown in Table 4.1.
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TABLE 4.1
Typical concentrations of suspended solids as related to
land use (Pitt and Bissonnette 1984)
Land Use Concentrations (mg/L) |
Urban 11
Rural 4.7
4.3 Nutrients
Two nutrients, nitrogen and phosphorus, have been shown to be of concern 
in aquatic ecosystems. Phosphorus is the most frequently limiting nutrient 
(Smalls 1983).
4.3.1 Phosphorus
Phosphorus occurs in several forms in the natural environment and is 
generally transported in urban runoff as particulate and soluble fractions 
(Cowen and Lee 1976). Phosphorus is available to plants only in the soluble 
inorganic form; however, it can be assumed that ail soluble phosphorus will 
be converted to the inorganic form in time (Cowen and Lee 1976). Although 
the proportions of the particulate and soluble fractions of phosphorus will 
vary from catchment to catchment, Cowen and Lee (1976) suggest that it
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may usually in the order of 40% particulate and 60% soluble, although this 
can be extremely variable and should be used with caution. The greater 
proportion of diffuse source phosphorus is in the form of particulate 
phosphorus which is generally unavailable to plants as it is sorbed onto the 
surfaces of sediment particles and is subject to sedimentation processes 
(Smalls 1989). Thus most water bodies have temporary or permanent sinks 
of phosphorous, tied up in the sediments, which may be subject to internal 
cycling. Smalls (1989) states that although internal cycling is poorly 
quantified, factors which influence phosphorus release and desorption 
include;
* redox potential and oxygen status (by influencing the solubility of other
elements),
* biological action,
* sediment disturbances, and,
* pH and temperature ranges.
Detenbect and Brezonick (1991) suggest that exchangeable phosphorus 
content and sorption capacities are correlated with sediment composition, 
which is in turn correlated with water chemistry. Variability in exchangeable 
phosphorus appears to be related to surface area of the particles (particle 
size distribution), to organic matter and to aluminium and iron oxyhydroxide 
content. Phosphorus binding increases between pH 6.0 and 4.5. Detenbect 
and Brezonick (1991) suggest that release of phosphorus from the surficial 
sediments can be reduced by up to 90% if sediments become acidified, so
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sediment acidification may be a useful management strategy, although the 
facilitation of release of other elements by acidification must be considered.
4.3.2 Nitrogen
Smalls (1989) suggests that because nitrogen is a more abundant nutrient in 
aquatic ecosystems than phosphorus, it is less likely to be a limiting nutrient. 
However the rate of use of nitrogen and phosphorus by organisms within an 
ecosystem is not necessarily equal, so this suggestion by Smalls needs to 
be viewed cautiously.
Nitrogen occurs in many states in aquatic systems, four of which are 
biologically important -  oxidised nitrogen or nitrate (NOx-N), ammonia 
(NH3-N ), organic nitrogen (org-N) and dissolved gaseous nitrogen (N2-N) 
(State Pollution Control Commission 1979). These forms of nitrogen are 
interconvertible and are present in differing proportions dependent on 
source, residence time and the chemical and biological condition of the 
waters.
Nitrogen is commonly measured as total Kjeldahl nitrogen, ammonia and 
nitrates. Kjeldahl nitrogen is the sum of the organic nitrogen compounds and 
ammonia and will give a good indication of the total amount of available 
nitrogen. Ammonia is measured to give an indication of contamination by 
sewage or other organic matter (Suess 1982). Gaseous nitrogen is normally
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of minor significance (State Pollution Control Commission 1979).
4.3.3 Eutrophication
Possibly the most significant effect of excessive nutrients in a water body is 
eutrophication. Eutrophication is defined in Smalls (1983 p. 21) as "the 
nutrient enrichment of waters which result in the stimulation of an array of 
symptomatic changes among which are increased production of algae and 
macrophytes, deterioration of water quality and other symptomatic changes 
which are found to be undesirable and interfere with water uses". Excessive 
aquatic plant growth reduces navigability and the aesthetic appeal of the 
waterway, in addition to reducing light penetration and reaeration (Smalls 
1983).
Because of its limiting effect, phosphorus is regarded as the most important 
factor in water eutrophication. However nitrogen may also be significant, 
especially in coastal waters (Smalls 1989).
Cattell and White (1989) suggest that lakes with concentrations of 
phosphorus in the order of 35-100 ¿/g/L (0.35-1 f jmol/L) should be
classified as eutrophic. Other studies (Table 4.2) indicate that in many 
Australian fresh water bodies, the symptoms of eutrophication occur when 
phosphorus levels are within this range however the range for nitrogen 
appears to be much wider at between 90 and 650 jug/L. The N:P ratio range
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is also wide at between 11 and 150.
Typical concentrations of nutrients in urban runoff are shown in table 4.3.
TABLE 4.2
Nutrient concentrations (approximate thresholds) at which 
excessive plant growth was observed (after Roberts 1990)
Location Total Nitrogen 
pg/L pm ol/L
Total Phosphorus 
pg/L pmol/L
N:P
Ratio
Hawkesbury/Nepean 
River (NSW)
650 46 55 0.55 80:1
Peel/Harvey (WA) 150 11 25 0.25 44:1
Lake Burley Griffin 
(ACT)
90 6.5 60 0.6 11:1
Lake Macquarie 
(NSW)
600 43 60 0.6 70:1
Murray River 550 39 40 0.4 150:1
Kosciusko National 
Park (NSW)
360 26 40 0.4 100:1
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TABLE 4.3
Concentrations of nutrients as related to land use 
(after Woodward 1987)
Land Use Nitrogen
pg/L mol/L
Phosphorus 
pg/L jumol/L
N:P
Urban 2000 143 400 4 36:1
Rural 300 21 100 1 21 ;1
As the mean values for runoff from urban areas are higher than those found 
in eutrophic lakes, the concentrations of both phosphorus and nitrogen in the 
Botany Wetlands would be expected to be high. Fertilizing of the essentially 
sandy soils of the surrounding golf courses, decaying of vegetation within 
the ponds and some resuspension from the sediments could further increase 
nutrient levels. The lakes downstream of Botany Road are considered to be 
eutrophic because of their excessive weed growth (Piate 4.1).
4.3.4 Sources of Nutrients
Nutrient sources from urban areas include both point and diffuse sources.
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T h ese  sources include rainfall, atm ospheric load, sew er overflows, fertilizer 
use, anim al faecal m atter, detergents, decaying organic m atter and industrial 
w astes (H art 1974).
PLATE 4.1
Excessive plant growth downstream of Botany Road
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Cattell and White (1989) suggest that nitrous oxides from burning of 
petroleum products and nitrates from thunder storms are also significant 
sources of nitrogen, while oil and the breakdown of asphalt are significant 
sources of phosphorus in urban runoff.
4.4 Oxygen demanding substances
Dissolved oxygen is a fundamental requirement of life for aquatic organisms 
and a reduction in the oxygen content of waters may lead to a level 
insufficient to support fish and other aquatic life forms. The primary cause of 
deoxygenation is the presence of oxygen demanding wastes (Stoker and 
Seager 1976).
Most oxygen demanding wastes are organic compounds which are easily 
broken down or decayed by bacteria in the presence of oxygen. The sources 
of oxygen demanding organic matter include sewage from humans and 
animals, industrial wastes, and vegetative matter from parks and gardens.
Biological oxygen demand (BOD) is a measure related to the amount of 
organic matter present and indicates the amount of dissolved oxygen used 
up in the oxidation process. Typical BOD concentrations for urban runoff are 
in the range of 10 to 60 mg/L but the recommended standard is <2 mg/L 
(State Pollution Control Commission 1989).
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BOD concentrations would be expected to be high in the wetlands because 
of the relatively high amount of organic matter observed in the lakes and 
sediments, the presence of sewer overflows which discharge into the 
wetlands, and leachate from the disused refuse tips which also discharge to 
the Wetlands.
4.5 Micro-organisms
Micro-organisms that can cause concern are bacteria and viruses from 
sewage disposal (Train 1979), because of their likely health risks.
Other sources of bacterial contamination in urban runoff are animal and bird 
faecal matter, and naturally occurring soil and air bacteria.
Sewerage systems have overflow structures built into the design to act as 
safety mechanisms, should the sewer's flow capacity be exceeded. 
Excessive seepage into the sewer system often occurs during wet weather, 
causing overflows to operate so that untreated sewage enters receiving 
waters. This presents a potential health hazard (State Pollution Control 
Commission 1989). Failures in the sewerage system also can cause 
contamination; these include seepage out of the system through cracks and 
other breaks, and blockages.
Two types of bacteria are commonly used in urban runoff studies -  faecal 
conforms and faecal streptococci. Coliform bacteria are commonly used
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indicators of recent faecal contamination and, although made up of a 
number of genera, they are all associated with the faeces of warm blooded 
animals. The use of faecal coliform bacteria as an indicator of contamination 
is therefore of more significance than total coliform counts (Train 1979).
Coliform bacteria are recognised as good indicators of recent faecal 
contamination because they do not multiply in the aquatic environment and 
decline rapidly. Survival rates in aquatic systems have been well studied, 
with light being considered the single most important factor in the rapid 
decline of bacteria in marine waters (Davis and Evison 1990). Coliform 
bacteria appear to decline less rapidly in fresh than marine waters, possibly 
due to more favourable conditions such as lower salinity, higher nutrient 
content and the presence of humic and fulvic acids which absorb sunlight. 
Lim and Flint (1989) suggest that in natural freshwater lakes the decline of 
coliform bacteria is due to their inability to compete successfully for nutrients 
with other bacteria; they found a positive correlation between survival time 
and increased concentrations of nitrogen. Survival rates in fresh natural 
waters have been shown to be between 3.7 and 4.1 days (Lim and Flint 
1989). If the Botany Wetlands are rich in nutrients, as is suspected, the 
survival time of any faecal coliform bacteria may be prolonged.
Faecal streptococci tend to be more numerous in animal faeces than in 
human faeces and therefore the ratio of faecal conforms to faecal 
streptococci can be used to gain an indication of the origin of the faecal
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contamination, within certain limits of interpretation (Goldreich et al. 1964). A 
ratio of greater than 2:1 would indicate a predominantly human origin while 
ratios of around 1:1 or lower would indicate pollution from warm blooded 
animals other than humans. Goldreich et al. (1964) express caution when 
applying these ratios because biological systems are complex and do not 
yield the absolute values obtained for comparison of laboratory data.
The concentrations of faecal coliforms and faecal streptococci commonly 
found in urban runoff are highly variable and often reach levels associated 
with secondary treated sewage (Table 4.4). Bacteria are measured as 
colony forming units per 100mls (CFU/100mL) with the recommended 
criteria, for both faecal coliforms and faecal streptococci, being 200 
CFU/100mLs for primary contact recreation and for urban runoff (State 
Pollution Control Commission 1989).
Although the Botany Wetlands are not used for primary contact recreation, 
some secondary contact would be expected and high bacterial levels would 
be of concern.
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TABLE 4.4
Concentrations of bacteria found in urban runoff 
and sewage (after SPCC 1989, Melbourne Water 1992)
Land Use Faecal Coliforms 
(CFU/100m L)
Secondary Treated I 
Sewage (CFU/1 OOmL)
Urban 103 -  106 105
Rural
CMoIOOCM
4.6 Metals
The trace metals of concern in aquatic ecosystems include cadmium, 
chromium, lead, zinc, copper, nickel and iron. These metals can have a toxic 
effect on aquatic organisms and are often bioaccumulative (Train 1979) and 
biomagnifying (ANZECC/NHMRC 1992). Criteria developed by Hart (1982) 
for metals in the aquatic environment and typical concentrations of metals 
found in urban runoff are shown in Table 4.5.
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TABLE 4.5
Typical concentrations of some metals contained in urban 
runoff (after State Pollution Control Commission 1989)
Metal Concentrations (pg/L)
Cadmium 6
Chromium 170
Lead 200
Copper 40
Zinc 200
Trace metals are often adsorbed to the surfaces of particulate matter and 
therefore can accumulate in the sediments when settlement occurs and may 
be released into the waterway over time.
Trace metals are most often associated with industrial activities; however, 
they can accumulate on street surfaces in residential and commercial areas 
from sources such as vehicle emissions, atmospheric fallout and galvanised 
roofs (State Pollution Control Commission 1989).
Cadmium is produced as a by-product of zinc production and, although
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there has been a decline in its use in recent years, it is still used in metal 
plating, as a stabiliser in plastics, in pigments, batteries and the fabrication 
of solders and alloys (Hart 1982).
Chromium is used in the manufacture of stainless steels, electroplating, 
metal finishing, leather tanning and in fungicides. Hart (1982) states that the 
largest sources of chromium are ferrochromium production, which releases 
chromium into the atmosphere, and metal plating which produces chromium 
in liquid emissions. It is an essential element to biological life but is highly 
toxic in concentrations exceeding 10 fjg/L (Hart 1982). Given that previous 
studies indicate typical urban runoff values well in excess of this (see Table 
4.5), it is an important element to monitor.
The most significant source of lead in the environment is from the lead 
component of petrol which enters the atmosphere after combustion. Lead is 
toxic to both humans and aquatic organisms, and there is an increasing 
concern about exposure at even low levels of the metals (Alperstein et al. 
1991).
Copper, nickel and zinc are commonly found in aquatic ecosystems (Hart 
1982). Sources of copper include electroplating processes, timber treating 
operations and the manufacture of copper based pesticides. Although nickel 
is an essential element for biological organisms, it is also toxic in excessive 
concentrations. Nickel is produced in the manufacture of stainless steel,
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nickel alloys and nickel plating, although other sources include the burning of 
fossil fuels such as coal and oil. Zinc is used as a protective coating on iron 
and steel, and to produce alloys for die-casting, brass and roofing. Iron and 
steel production is another major source of zinc.
Although iron is generally regarded as being non toxic in itself, it is often 
complexed by ligands, which are predominantly non-metallic, to form more 
soluble compounds. An upper limit of 0.3 mg/L is recommended for drinking 
water (State Pollution Control Commission 1990). Iron is a very common 
element in the environment.
High concentration of these metals, with the possible exception of lead and 
iron, would not be expected in the Botany Wetlands because little industry 
exists in the catchment, although some atmospheric fall out from 
surrounding areas may occur. High concentrations of iron would be expected 
because of the high iron content of the surrounding sandstones (Johnson 
1978) and high lead concentrations may result from the heavy traffic network 
in the catchment.
4.7 Toxic organics
Toxic organics include synthetic compounds, especially pesticides, and 
byproducts of fossil fuel combustion. It is only relatively recently that toxic 
organic compounds have been perceived as a problem in urban waterways.
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Toxic organics were classed as priority pollutants in the Clean Waters Act 
(1977) in the United States of America because of their persistence, 
bioaccumulative behaviour and their potential toxicity to both humans and 
other organisms. Those which are of concern include polychlorinated 
biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and 
organochlorines (OCs) all of which are known carcinogens (Table 4.6) 
(Waite 1984). These substances are toxic at very low concentrations.
Preliminary findings of the National Urban Runoff Program initiated by the 
United States Environmental Protection Authority in 1979 indicate that of 129 
priority pollutants identified, 71 were detected in urban runoff (Cole et al. 
(1984).
Polychlorinated biphenyls are complex compounds which are the products of 
the reaction of biphenyl and chlorine (Hart et al. 1992). PCB manufacture 
has been banned virtually everywhere in Australia for some years because 
they are generally inert and highly fat soluble, thus being highly persistent in 
the environment and bioaccumulative (Nicholson 1982). PCBs are therefore 
still likely to be present in urban runoff. Their predominant uses have been in 
paints, plastics, electrical capacitors and transformers (Roberts 1990).
The predominant use of organochlorines has been in pesticides although this 
use is declining as more environmentally friendly pesticides are developed. 
However OCs are still found in urban runoff because they also are
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environmentally persistent and bioaccumulative, in addition to being easily 
leached from soils (Hart et al. 1992).
Polycyclic aromatic hydrocarbons are a group of compounds which consist 
of two or more benzene rings and are formed from the incomplete 
combustion of organic matter (Hart et al. 1992). Atmospheric deposition from 
the use of fossil fuels is possibly the major source of PAHs in the aquatic 
environment. PAHs have very low solubility and therefore tend to adsorb 
strongly to particulate matter (World Health Organisation 1984).
The most commonly encountered PAHs in urban runoff are Fluoranthenes, 
Phenanthrenes and Pyrenes which are products of the incomplete 
combustion of fossil fuels (Cole et al. 1984). PAHs are also contained in 
bitumen products and are therefore widespread in the urban environment.
In the Botany Wetlands, PCBs, OCs and PAHs may be present because of 
the close proximity of the golf courses and associated pesticide use, the 
heavy transport network and industry in the catchment.
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TABLE 4.6
Organochlorines and PAHs which may be present in urban 
runoff (after USEPA1983)
Organochlorines PAHs
a-BHC Napthalene
HCB Acenapthylene
b-BHC Acenapthene
g-BHC Fluorene
Heptachlor Phenanthrene
Aldrin Anthracene
Heptachlor Epoxide Pyrene
Endosulphan Benzo(a)anthracene
DDE Chrysene
Dieldrin Benzo(b)fluoranthene
Endrin Benzo(k)fluoranthene
DDD Benzo(a)pyrene
DDT Dibenzo (a,h) antracene
Metoxychlor lndeno(1,2,3-cd) pyrene
Chlordane Benzo(ghi)perylene
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4.8 Oils
Oil in an environmental context can be defined as crude petroleum or any 
refined petroleum products, and is a complex mixture of hydrocarbon 
compounds (Stoker and Seager 1976) These hydrocarbon compounds are 
saturated and unsaturated aliphatic and aromatic hydrocarbons.
Hydrocarbons are contained in many fluids including lubricants, hydraulic 
fluids, solvents and coolants. When leaked or spilt onto pavements and 
other impervious surfaces from vehicles and industrial processes, they are 
flushed into urban waterways during wet weather. Hydrocarbons are also 
associated with particulate matter because they can be adsorbed to particle 
surfaces (Stenstrom et al. 1984).
Although the State Pollution Control Commission (1989) suggest that the 
impact of oil and grease is largely aesthetic, hydrocarbons can have both 
short term and long term environmental effects. Short term effects include 
those caused by coating and asphyxiation, and toxicity (Stoker and Seager 
1976). Coating and asphyxiation effects include reduced light transmission, 
reduction in dissolved oxygen, damage to water birds and smothering of 
shoreline flora. Some hydrocarbons have a direct toxic effect on aquatic 
fauna. Longer term effects of hydrocarbon pollution are food chain 
accumulation, disruption to biological cycles and behaviour, and damage to 
bottom dwelling organisms resulting in decreased sediment cohesion and
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accelerated movement (Stoker and Seager 1976).
Stenstrom et al. (1984) in a study in Richmond, California, found oil in 
stormwater was directly related to land use. Runoff from commercial 
properties and parking areas contained concentrations almost three times 
higher than those from residential properties. The load of oil and grease per 
unit area from commercial and parking areas, because of their higher runoff 
coefficients, would be typically ten times that of loads from residential areas. 
Stenstrom et al. (1984) also found that levels of oil were independent of 
storm characteristics (except for total rainfall) and displayed only modest first 
flush effect.
Typical concentrations of oil found in other urban runoff studies are shown in 
Table 4.7. The State Pollution Control Commission (1989) suggest levels of 
less than 1 mg/L as being acceptable for urban runoff.
Heavy traffic networks in the catchment would indicate that significant 
concentrations of oil and grease would be expected in the Botany Wetlands.
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TABLE 4.7
Concentrations of oil found in urban runoff (mg/L)
Source Mean Concentrations Location
Wakenham (1977) 10 Seattle, Washington
Sonderlund and 41 Stockholm, Sweden
Lehtinen (1972)
Stenstrom et al. >15 Richmond, California
(1984)
4.9 Litter
Litter, because it is the most obvious form of water pollution, reduces the 
aesthetic nature of any waterway.
In addition to the aesthetic effect, some litter can become oxygen 
demanding as it decays, thus reducing the amount of available oxygen in the 
water. Molinari and Carleton (1987) state that litter typically found in urban 
waterways has a large surface to volume ratio, and argue that it is therefore 
not in a readily biodegradable state, thus exerting a time delayed, and often 
insignificant, oxygen demand. However, it can also be argued that a particle
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with a large surface to volume ratio has a greater surface area open for 
attack and would therefore easily degrade and consume oxygen.
Utter from an urban area typically comprises paper, glass, cans, garden 
refuse, plastics and polystyrene foam, although some deliberate dumping of 
larger items does occur (Sim and Webster 1992, Molinari and Carleton 
1987). In Sydney, garden refuse or organic matter occupies the greater 
percentage by volume of litter emanating from urban areas (Sim 1991, 1992) 
(Table 3.8). This high organic matter content appears to be the case In 
many urban areas in Sydney, although the volume of litter does appear to 
be related to catchment characteristics (Sim 1992).
Significant amounts of litter would be expected in the Botany Wetlands.
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TABLE 4.8
Types, percentages and mass of litter found in some 
urban waterways in Sydney (after Sim 1991, Sim and Webster 1992)
U tte r Type A pproxim ate Percentages
Catchm ent CSC swc1 os swc2 3 MV SW C2
glass 5 5 1
plastic 15 17 6
paper 10 6 3
metal cans 5 3 3
rags 5 2 1
organic matter 60 67 86
APPRO XIM ATE 1.02 0.90 0.18
M ASS (tonnes/ha/yr) (tonnes/ha/yr) (tonnes/ha/yr)
1 -  Cup and Saucer Creek stormwater channel
2 -  Orissa Street stormwater channel
3 -  Marrlckville Valley stormwater channel
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5. QUALITY CRITERIA FOR URBAN WATERS
5.1 Water quality Criteria
In order to assess the suitability of water for particular uses, it is first 
necessary to select criteria against which water quality can be measured. 
The formulation of relevant water quality criteria is therefore considered 
necessary to allow good management of water resources including aquatic 
ecosystems.
Water quality criteria are scientifically established measures which specify 
concentrations of water constituents which allow a judgement to be made on 
the suitability for designated uses of a waterway. Thus water quality criteria 
can be defined as the quantitative relationship between exposure to a 
pollutant and the associated risks of exposure under specific environmental 
conditions (Train 1979, State Pollution Control Commission 1990, Hart 
1982).
Criteria may then be used to define water quality objectives, goals and 
standards which are defined by the State Pollution Control Commission 
(1990) as:
Objectives -  the set of desirable criteria for water quality
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Goals -  quality objectives to be aimed for
Standards -  statutory limits which must be met
In order to set such objectives, goals and standards, a clear understanding 
of quality criteria is needed.
A management plan, such as that being developed for the Botany Wetlands, 
must have, as one of its objectives, achievement and maintenance of water 
quality goals based on the perceived value of the water. Using Total 
Catchment Management principles, the community would decide on the 
perceived value of the waterway and then a set of quality criteria objectives 
would be selected to reflect this value. Standards must then be applied to 
discharges entering the water body to allow achievement of selected goals. 
The criteria selected can provide a measure of the achievement of the water 
quality objective.
To date, some limited water quality criteria have been developed for 
Australian conditions (Hart 1974, 1982). The State Pollution Control 
Commission have recently released draft water quality criteria objectives for 
use in New South Wales based on beneficial uses or perceived value of 
waterways (State Pollution Control Commission 1990). Federal criteria are 
also currently being developed. State Pollution Control Commission (1989) 
have also recommended quality criteria objectives for urban runoff.
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The approach to developing water quality criteria adopted by the Australian 
and New Zealand Environment and Conservation Council (ANZECC) and the 
NSW Environmental Protection Authority is based on that developed in the 
United States of America and successfully adopted by the Victorian 
Environmental Protection Authority (Hart et al. 1992). This approach involves 
the use of protection categories to determine appropriate water quality 
criteria. A determination of the value of the water body is made through 
community consultation, and water quality criteria are assigned to meet 
quality objectives based on the required level of protection.
5.2 Relevance of quality criteria
Water quality guidelines are being adopted in many countries, by both state 
and federal agencies, in an effort to assess quality problems and to manage 
competing uses of water resources (State Pollution Control Commission 
1990). However, the issue of the relevance of water quality criteria which are 
developed on a broad scale needs to be addressed. A set of water quality 
parameters derived at a national level may not be relevant to a small 
localised water body. In the discussion paper recently released by the NSW 
State Pollution Control Commission (State Pollution Control Commission 
1990), criteria are adopted from the United States Environmental Protection 
Agency, National Health and Medical Research Council in Canada and from 
Victoria and Western Australia. The relevance of these criteria to NSW 
waters must be questioned; for example, many species of aquatic flora and
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fauna present in NSW waterways would not be expected to be present in 
these other countries or states. Hart et at. (1992) outline three major 
limitations in adopting federal or state wide water quality criteria or 
guidelines:
1. water quality indicators are almost exclusively physio-chemical and 
not biological;
2. the assumption is made that by protecting key biological species from 
toxic effects, the whole ecosystem is thus protected;
3. guidelines are based on the assumption that protection of the water 
component of an ecosystem is sufficient to protect the whole ecosystem.
5.3 Derivation of water quality criteria
The complexity of ecological relationships in aquatic environments is great, 
and the knowledge of the effects of water quality change on aquatic 
ecosystems is sparse. Thus derivation of water quality criteria, to maintain 
the ecological quality of these environments, is difficult.
In urban waterways however, the concern is not simply for ecological quality 
but for human health and environmental aesthetics. Of the pollutants 
detailed earlier, nutrients are most likely to affect ecological quality. In the 
urban context, even eutrophication is perceived as undesirable, partly 
because of its aesthetic effects. The other pollutants -  micro-organisms, 
heavy metals, toxic organics -  are monitored largely because of their
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potential for direct or indirect effects on human health. This complicates 
further the task of establishing a quantitative relationship between exposure 
and associated risk.
Three major types of research have been used to obtain data on which to 
base water quality criteria -  bio-assays, bio-accumulation and biological 
monitoring.
Bio-assays are tests done in laboratories to determine the concentration, 
dose or level of substance or pollutant which are harmful to organisms. 
Concentrations are generally calculated at a level where 50% of the test 
organisms are killed in 96 hours (LD50). Bio-accumulation tests examine how 
toxic substances accumulate in organisms. Persistent low levels of toxic 
substances may concentrate in organisms, often in fatty tissues, until toxic 
levels are reached or exceeded. Bioaccumulation clearly has implications for 
food chain transference.
An important aspect in validation of water quality criteria which have been 
derived from laboratory analysis, is biological monitoring. Biological 
monitoring is defined by State Pollution Control Commission (1990) as being 
"the field sampling of aquatic communities to determine their health and 
well-being" The advantages of biological monitoring include accounting for 
differing environmental effects under natural conditions. These environmental 
effects include (State Pollution Control Commission 1990):
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* synergistic and antagonistic interactions
* composite effects of water quality parameters at an ecosystem level
* sublethal physiological stress
* the transformation of pollutants due to ambient water quality.
5.4 Environmental risk assessment
Environmental risk assessment can be described as characterisation of the 
potential adverse effects of exposure to environmental hazards (Keller 
1992). Although often used in the context of human health, risk assessment 
can readily be applied to ecosystem management. In America, risk 
assessment is now being used routinely for setting some environmental 
standards (Keller 1992). Recent legislation in Australia has seen an increase 
in the perceived importance of environmental hazards and in particular 
aquatic pollution. Although legislation in itself is not the solution, it can be the 
mechanism to stimulate appropriate solutions (Eddowes 1992).
The principal components of environmental risk assessment are -  hazard 
identification, hazard quantification and consequence assessment (Eddowes 
1992). When dealing with natural systems, it must be recognised that 
substances or properties not normally thought to be pollutants may have 
significant long term ecological effects e.g. slight changes in temperature 
may have severe consequences to breeding cycles while the addition of 
significant quantities of fresh water to brackish wetlands may alter the
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exposure tolerance of some species. Hazard identification should also 
recognise that all hazards are not in the form of accidental spills but may 
stem from long term standing practices and procedures e.g. release of hot 
water from cooling towers, large volume discharge of fresh water into 
estuarine waters (Eddowes 1992). Hazard quantification involves setting 
quantitative values to identified hazards and assigning risk levels. The 
setting of water quality standards follows from quantification of hazard effect 
and risk to the ecosystems, to which bioassay and bioaccumulative data can 
be significant inputs. Also, in the context of urban waterways, quantification 
of risk to human health is a significant factor. Consequence assessment 
leads to planning of prevention, control and mitigation procedures, in which 
both setting of quality criteria and management strategies to achieve 
objectives are important.
In applying risk assessment to natural ecosystems, such as the Botany 
Wetlands, the result would be a prioritised list of potential risks, 
environmental impacts and the liability of potential polluters. A management 
plan would then need to include appropriate prevention, control and 
mitigation procedures.
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6. WATER QUALITY IN THE BOTANY WETLANDS
6.1 Perceived value
For the purposes of this study, the perceived value of the Botany Wetlands 
is as an aquatic ecosystem. It is seen as a refuge for migratory birds, as a 
reserve for conserving some native flora and fauna species, and as an 
aesthetic benefit within a predominantly urbanised landscape. It is not used 
directly for recreation or water supply, but its protection is important for 
maintaining the groundwater resource. Although this value was not 
developed in consultation with the catchment community, as required when 
applying Total Catchment Management principles, it reflects the view of the 
Botany Wetlands Ministerial Task Force, which has been set up to initiate a 
management plan for the resource. Protection of the Wetlands as an aquatic 
ecosystem will require a high level of surface water quality, and thus also 
protect the groundwater resource which is recharged from the Wetlands.
6.2 Drainage
The Wetlands form an integral part of the urban drainage system. They are 
fed by direct rainfall, but also and dominantly, by inflow from urban runoff 
which is channelled down stormwater drains. Some local runoff and seepage 
also occurs.
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Stormwater input into the Botany Wetlands from the catchment area is 
controlled by five major stormwater channels owned by the Water Board 
(WB) and several smaller stormwater channels (SWC) under control of 
Botany Council.
The five WB stormwater channels are Cottenham Ave SWC 23, Maitland 
Ave SWC 73, Birds Gully Drainage Area 10, Botany -  Bay St SWC 16 and 
the Lachlan Swamps Drainage Area 59 (includes Moore Park SWC 58, 
Queens Park SWC 80, Randwick SWC 82 and Centennial Park SWC 94). 
Details of the location of these stormwater channels and their approximate 
drainage areas are shown in Fig. 6.1. All the WB stormwater channels, with 
the exception of the Birds Gully Drainage Area 10 and Botany -  Bay St 
SWC, enter into pond 6. The Birds Gully drain enters pond 5 while the 
Botany -  Bay St SWC enters the Wetlands at the extreme downstream end 
of the Engine Ponds. SWC controlled by Botany Council enter the Wetlands 
downstream of pond 5 (Fig. 6.1).
6.3 Expected water quality in the Botany Wetlands
Factors which will influence water quality in the Botany Wetlands, both 
surface and ground water, include catchment geology, vegetation cover and 
land use in addition to rainfall, hydrology and pond morphology (Water 
Resources et al. 1992)
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The Botany Wetlands catchment is predominantly an established urban and 
industrial area. Studies by Camp Scott and Furphy Pty Ltd (1988) and 
Cordery (1977) indicate that levels of suspended solids, while lower than 
those expected from developing urban areas, are likely to be significant. 
Furthermore, they are likely to be associated with appreciable concentrations 
of nutrients and oxygen demanding material (Camp Scott and Furphy 1988, 
Cordery 1977) and of micro-organisms of faecal origin (State Pollution 
Control Commission 1982, Cordery 1977). While concentrations of these 
pollutants are likely to vary, the loads may be expected to be related to 
runoff volume and hence to rainfall. If these relationships are confirmed, 
clearly rainfall in the catchment can be used effectively to estimate pollutant 
loads. Water quality in the drainage system, and within the Wetlands, will be 
determined also by land use in the catchment area. Different pollutants and 
concentrations, as well as export rates, would be expected in runoff from 
areas with differing uses. Thus, pollutant concentrations and loads are likely 
to vary with changes in land cover from open space to residential use to 
industrial use, and careful evaluation and monitoring is required before a 
management plan can be implemented.
The surface waters of the Botany Wetlands system are further influenced by 
the complex interaction between the ground and surface waters. The ground 
waters, in turn, are influenced by flow through landfill sites such as Astrolabe
Park.
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Based on previous studies, a catchment such as that of the Botany 
Wetlands with many large grassed areas would be expected to exhibit no 
obvious first flush and a gradual recovery, similar to the situation described 
by Weibel et al. (1964) for the Cincinnati, USA, area.
The extensive recreational areas in the Wetlands catchment area (48% of 
the total catchment area) and the resultant infiltration are likely to have a 
considerable effect in reducing the pollutant load reaching the Wetlands. 
However these areas may contribute relatively high levels of nutrients and 
organochlorines because of the use of fertilizers and other chemicals, 
especially from the golf course areas.
The lakes in Centennial Park, at the upper end of the system, would also be 
expected to contribute to a reduction of pollutants reaching the Wetlands. A 
significant amount of runoff enters these lakes from the surrounding 
residential and commercial areas where some settling should occur before 
flow continues to the wetlands by the trunk drainage system. These lakes 
may reduce suspended solid, nutrient and heavy metal loads.
Relatively high amounts of all major pollutants would be expected from both 
the residential and industrial areas. The industrial area is in the lower part of 
the catchment, and runoff from these sites would enter the wetlands at the 
lower end of the Mill Stream, the Mill Pond and Engine Pond.
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An area of significance to water quality in ponds 4 and 5 is a 4.7 hectare 
area at Astrolabe Park. This area has seen successive sand mining and 
landfill operations from 1938 until 1975 (Jankowski and Knight 1991). The 
landfill sites accepted mainly solid waste, with a small amount of putrescible 
household waste. Infiltration of precipitation and lateral groundwater flow 
through these tip sites would be expected to produce leachate of poor 
quality. The Astrolabe Park tip was originally a quarry site which was 
excavated below the watertabie, thus groundwaters would be contaminated. 
Leachate from landfill sites can contain very high concentrations of both 
organic and inorganic compounds (Jankowski et al. 1991). Increased 
concentrations of BOD, nutrients and some metals would also be expected 
to be contained in leachate, although leachate concentrations would be 
dependent on the nature, particle size, degree of compaction, age of refuse 
and leachate sampling site (Lisk 1991). Any leachate entering the ponds of 
the Botany Wetlands would be expected to contribute to a degradation of 
water quality, possibly in a plume of decreasing concentration in the direction 
of the groundwater flow from the tip sites. Quality characteristics typical of 
leachate from landfill sites are summarised in Table 6.1. There are some 
marked differences between the two sets of data presented in Table 6.1, 
with very wide ranges for many parameters. Both data sets are a 
compilation of published data from different studies and reflect the high 
variability of leachate composition which is dependent on the nature of the 
landfill, particle size, degree of compaction, age of refuse and sampling point 
(Lisk 1991).
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Three sewer overflows which discharge directly into the Wetlands are 
located within the catchment. These are at the Water Board Depot at 
Gardeners Road (into pond 6), at Dransfield Avenue (into the Mill Stream) 
and above Foreshore Drive (into the lower end of the Engine Pond). These 
overflows would be expected to contribute bacteria, oxygen demanding 
substances, nutrients, suspended solids and possibly toxic organics and 
heavy metals, to the wetlands during wet weather. Other overflow structures 
may also be present in the drainage systems, upstream of ponds 6, 5 and 4; 
unfortunately records are not available to confirm the location of these.
In addition to the input of pollutants directly from the drainage system, 
internal cycling and retention times within the ponds may significantly 
influence water quality within the Wetlands. Although retention time within 
the lakes would vary with runoff and flow through the system, retention time 
would be expected to be long because of the height of the weirs constructed 
throughout the system. Substantial sedimentation of particulate matter 
should occur during long retention times, but nutrient levels are complicated 
by the cycle of release of nutrients from the sediments and biological uptake 
(Phillips 1991).
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TABLE 6.1
Typical leachate characteristics 
(after Ellis and Chowdhury 1976, Lisk 1991)
Parameter Range (Ellis and 
Chowdhury 1976)
Range (U sk 1991)
BOD (mg/L) 9 -  55,000 2 -  8000
pH 3.7 -  8.5 6.2 -  7.4
Ammonia (mg/L) 0 -  100 21 -  4400
Nitrate (mg/L) 0 -  300 0.2 -  4.9
TKN (mg/L) 0 -400 0 -  155
Total Phosphorus (mg/L) 0 -  154 0.02 -  3.4
Suspended solids (mg/L) 6 -  2,700
Copper (mg/L) 0 -9 .9 0.05 -  0.16
Lead (mg/L) 0 -5 .0 0.05 -  0.22
Zinc (mg/L) 0 -  1,000 0.05 -  0.95
Iron (mg/L) 0.2 -  5,500 0.32 -  26.5
Cadmium (mg/L) 0.005 -  0.01
Nickel (mg/L) 0.05 -  0.16
Chromium (mg/L) 0.05 -  0.14
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The lakes of the Wetlands are shallow and water would be expected to be 
well mixed with no stratification. Macrophytes are dominant and would take 
up significant amounts of dissolved nutrients. Internal cycling would possibly 
include resuspension of particulate matter, nutrients, heavy metals and toxic 
organics from the sediments as environmental conditions change. As plant 
and other organic material within the Wetlands breaks down, it would be 
expected to contribute nutrients to the water column and sediments, and 
exert an oxygen demand.
Water quality of the regional groundwaters may also influence surface 
waters in the Wetlands, as the ponds in the lower part of the system are 
discharge points for groundwaters (see Figure 2.8). Polluted groundwaters 
would have a negative impact on the whole wetland ecosystem, in addition 
to surface water quality (Jankowski and Knight 1991). As withdrawal of 
groundwaters by local industry decreases, the level of the aquifer waters is 
expected to increase and thus discharge to surface water would also be 
expected to increase.
Major factors influencing water quality in the Botany Wetlands and major 
pollutant pathways are shown diagrammatically in Figure 6.2.
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FIGURE 6.2
Diagrammatic representation of expected water quality in the Botany Wetlands and major pollutant pathways
(after Water Resources ef a/. 1992)
PRECIPITATION LOADING 
METALS 
NUTRIENTS
ATMOSPHERIC LOSS
NITROGEN
STORMWATER INFLOW
BACTERf ......
SS 
BOD
GROUNDWATER LOADING
METALS
NUTRIENTS GROUNDWATER INFILTRATION
METALS
NUTRIENTS
7. WATER QUALITY ANALYSIS -  METHODOLOGY
7.1 Water sampling
Water samples were collected from seven sites throughout the wetlands 
between July 1989 and June 1992. Samples were collected from the seven 
selected sites on both a routine and wet weather event basis. The routine 
samples were collected on predetermined dates so as to avoid bias and, 
although sampling times were restricted to working hours due to access 
difficulties at other times, the day of the week for routine sampling was 
varied.
Difficulties were experienced with wet weather sampling due in part to 
reaction time and localised rainfall patterns. However several sampling runs 
were conducted in wet weather. Difficulties experienced will be discussed 
more fully in Section 8. The State Pollution Control Commission (1990) 
defines wet weather as any 24 hour period where rainfall is 10 mm or more, 
and this definition was used for this study. Rainfall data were collected from 
a Water Board pluviometer located at Mascot Bowling Club in Wentworth 
Avenue.
The Water Board commenced construction of a gross pollutant trap 
upstream of pond 6 in July 1990 and, associated with this construction, pond 
6 was dredged. Construction and dredging was completed in May 1991.
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Thus sample collection was divided into three distinct sampling periods, 
before, during and after construction of the gross pollutant trap and 
associated dredging operations in pond 6.
In total, samples were collected on 42 occasions, 21 before dredging, 9 
during dredging and 12 after dredging was completed (Table 7.1, 7.2, 7.3).
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TABLE 7.1
Sampling dates and rainfall (before dredging)
Dates Sites Sampled Ralnfall(mm) Classification |
1/7/89 1,2,3,4,5,8 0 DRY
25/10/89 1,8 0 DRY
3/1/90 1.2,3,4,5,8 0 DRY
8/1/90 1,2,3,4,5,8 7 DRY
16/1/90 1,2,3,4,5,8 0 DRY
24/1/90 1,2,3,4,5,8 0 DRY
1/2/90 1,2,3,4,5,8 2 DRY
5/2/90 1,2,3,4,5,8 5.5 DRY
7/2/90 1.2,8 33 WET
11/2/90 1,2,3,4,5,8 23 WET
15/2/90 1,2,4,5 0.5 DRY
21/2/90 1,2,3,4,5,8 0 DRY
27/2/90 1,2,3,4,5,8 2 DRY
7/3/90 1,2,3,8 9 DRY
14/3/90 3,4,5,8 4 DRY
4/4/90 2,3,8 22 WET
5/4/90 1.2,3,4,5,8.9 47 WET
20/4/90 1,2,3,4,5,8,9 52.5 WET
27/4/90 1,2,3,4,5,8.9 0 DRY
17/5/90 1,2,3,4,5,8,9 0 DRY
21/5/90 1,2,3,4,5,8,9 18 WET
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TABLE 7.2
Sampling dates and rainfall (during dredging in pond 6)
Dates Sites Sampled Rainfall (mm) Classification
16/8/90 1,2,3,4,5,8,9 2.0 DRY
14/9/90 1,2,3,4,5,8,9 30 WET
10/10/90 1,2 ,3,4,5,8,9 4 DRY
12/11/90 1.2.3.4.5.8.9 0 DRY
4/12/90 1,2,3,4,5,8.9 22 WET I
18/1/91 1,2 ,3,4,5,8,9 1 DRY
7/2/91 1,2 ,3,4,5,8,9 2.5 DRY
12/3/9 1,2 ,4,5,8,9 13 WET
10/5/91 1,2,3,4,5,8,9 3 DRY
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TABLE 7.3
Sampling dates and rainfall (after dredging in pond 6)
Date Sites Sampled Rainfall (mm) Classification I
16/7/91 1.2 ,3,4,5 0 DRY I
29/8/91 1,2.3,4,5 0 DRY
10/9/91 2.3,4,5 6 DRY
16/10/91 1.2 ,3,4,5 0 DRY
22/11/91 1.2 ,3,4,5 0 DRY I
11/12/91 1.2 ,3,4,5 26.5 WET I
22/1/92 1.2 ,3,4,5 0 DRY
18/2/92 1.2 ,3,4,5 0 DRY
20/3/92 1.2,3,4,5 0 DRY
22/4/92 1.2 ,3,4,5 0 DRY
20/5/92 1.2 ,3,4,5 5 DRY I
9/6/92 1.2 ,3,4,5 0 DRY
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7.2 Site selection
Nine sites were selected through the Wetlands for collection of water 
samples (Fig. 7.1). Two of these sites (sites 6 and 7) were found to be 
unsuitable because of tidal influence. The remaining seven sites were 
selected for the reasons detailed below.
SITE 1
The location of site 1 was at the downstream end of the Gardeners Road 
SWC, at the end of the formed channel (Plate 7.1). The SWC enters the 
upper end of the Wetlands at this point. This site was selected because it 
allowed quantification of pollutants entering the wetland system from the 
upper catchment. This site is immediately upstream of the gross pollutant 
trap and collects urban runoff from the Lachlan Swamps Drainage Area 59 
and from Cottenham Ave SWC.
SITE 2
Site 2 was located below the dam constructed at the exit of pond 6. It 
allowed some assessment to be made of the effects of pond 6 due to 
processes such as settling and reduction of bacteria due to exposure to 
sunlight (Plate 7.2). The Maitland Avenue SWC enters pond 6 above this 
sampling point, but downstream of the gross pollutant trap, and would 
contribute to the pollutant load. This site also allowed some quantification of 
the effects of construction of the gross pollutant trap.
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SITE 3
The location of site 3 was immediately above the dam at the exit to ponds 4 
and 5, and gave an indication of water quality leaving these ponds (Plate 
7.3). Water quality at this point would be influenced by through flow from 
pond 6, the entry of drainage from Birds Gully Drainage Area 10, deposition 
rates in ponds 4 and 5, localised surface drainage from the golf courses and 
discharging regional and local groundwater (including leachate from 
Astrolabe Park).
SITE 4
Site 4 was located at Wentworth Avenue which is the exit point from pond 
3A into pond 1 (Plate 7.4). Three small council controlled drainage channels 
enter ponds 3 and 3A which would affect water quality at this site.
SITES
Site 5 was located in the Mill Pond at Botany Road (Plate 7.5). This site is 
at the extreme downstream end of the section of the wetlands owned and 
controlled by the Water Board. Downstream of this site the wetlands are 
under control of the Federal Airports Corporation.
SITE 8
Site 8 was located at the exit of the Birds Gully Drainage Area 10, where it 
enters pond no 5 (Plate 7.6). This site was included because of suspected 
polluted leachate from Astrolabe Park, immediately upstream of the sampling
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site.
SITE 9
Site 9 was in the Birds Gully drainage system immediately upstream of 
Astrolabe Park. This drainage system is an underground piped system and 
access was gained through a manhole in the centre of the road (Plate 7.7). 
Water quality at this site allowed some quantification of the leachate quality 
from Astrolabe Park when related to water quality at site 8.
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Site 1
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PLATE 7.3
Site 3
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PLATE 7.5
Site 5
PLATE 7.6
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PLATE 7.7
Site 9
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7.3 Sampling techniques
Water samples were collected from the selected sites using the following 
techniques for grab sampling.
1. All samples were taken from the middle of the flow to ensure good 
mixing.
2. Where possible, samples were taken from just below the surface 
level.
3. All sampling equipment was kept clean and was rinsed with water 
collected from the site before samples were taken. All sample bottles 
with the exception of the sterile bottles for bacterial analysis were rinsed 
with sample water prior to sample collection.
4. Temperature, pH and conductivity readings were taken in the field 
using a Jenco 6009 pH meter fitted with a temperature probe and a Beta 
81 conductivity meters. These portable meters were calibrated regularly. 5
5. Water samples were collected in suitably treated bottles. Samples for 
metal analysis were collected in 100 ml plastic bottles which were pre­
rinsed with Nitric acid, bacteria samples were collected in sterile 250 ml 
glass bottles, toxic organic samples were collected in 250 ml glass
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bottles with foil lids, oil/grease samples were collected in 250 ml glass 
bottles. The balance of samples were collected in clean 1 litre plastic 
bottles.
6. Samples were packed in ice for delivery to the laboratory for analysis 
using standard methods for waste water analysis (APHA1975). Samples 
collected before July 1991 were analysed by Caleb Brett Australia Pty 
Ltd, while subsequent samples were analysed by the Water Board's 
Scientific Services Branch. This change in laboratories did present some 
problems with detection limits and comparison of results which will be 
discussed further in Section 9.
7.4 Sampling parameters
Samples were analysed for a range of parameters using standard methods 
for waste water analysis as outlined in APHA (1975) (Table 7.4).
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TABLE 7.4
Water quality parameters determined during the study
Param eter Unite Detection Lim it Range
= = = = = = = = = = =
Sam ple Numbers
conductivity /is/m 0 3 -5 1 211
turbidity NTU 0 0.8 -1 8 0 180
ammonia mg/L 0.02 <0.02 -  24 241
nitrates mg/L 0.01 <0.01 -  32.5 239
TKN mg/L 0.01 0.05 -  11.9 180
total phosphorus mg/L 0.02 <0.02 -  3.1 246
faecal streptococci CFU/100m L 0 0 -  150000 195
faecal conforms CFU/100m L 0 2.0 -  890000 237
BOD mg/L 0 0 -6 3 0 231
suspended solids mg/L 0 0 -7 4 5 230
organochlorines AiQ/L 0.005 Not Detected 96
PAH Aifl/L 0.01 Not Detected 96
PCB /ug/L 0.01 Not Detected 96
oil/grease mg/L 1 <1 -  700 234
iron mg/L 0.01 <0.1 -  11.5 165
cadmium mg/L 0.01 <0.01 -  0.1 167
copper mg/L 0.01 <0.01 -  0.2 167
lead mg/L 0.005 <0.01 -  0.3 167
zinc mg/L 0.05 <0.05 -  0.4 167
chromium mg/L 0.001 <0.002 -  0.3 167
nickel mg/L 0.02 <0.02 -  0.4 167
temperature °C 0 9.8 -  28.1 158
pH 0 4.78 -  9.2 ,7 2  J
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7.5 Analysis of data
Data were analysed using the StatSoft program CSS. Initial statistical 
characterisation of ail parameter at each site included mean, minimum, 
maximum and standard deviation of the raw data. This allowed comparison 
of the results with the water quality criteria for urban runoff set by the State 
Pollution Control Commission (1989).
Where the concentrations in the samples were below detection limit, values 
equal to half the detection limit were assigned to the data. This was done 
because it cannot be assumed that the value is zero and deletion of the 
values from the data set invalidate the statistical analysis (Gilbert 1987).
Skewness and kurtosis values were calculated for the data and indicated 
that all parameters, with the exception of temperature, pH and conductivity, 
were highly skewed and did not represent a normal distribution (Table 7.5). 
This problem is common in sets of data where the range of values for any 
parameter may range over several orders of magnitude. Skewness and 
kurtosis are measures of the shape of the data distribution curve. A positive 
skew indicates that the largest deviation from the mean is on the positive 
side while a kurtosis of zero indicates a normal distribution (Hall et at. 1990). 
Because statistical manipulations presume a normal distribution, skewed 
data were transformed by taking the natural logarithm of the data to reduce 
the range of values of the parameters. Skewness and kurtosis values for the
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log transformed data Indicated that the transformed data could be 
considered to be normally distributed. Hence statistical analysis to compare 
sites and to determine correlations between parameters was performed 
using the log values. Skewness and kurtosis for both raw and log 
transformed data are shown in table 7.5.
To determine any variation in parameter concentrations, Analysis of 
Variance was done using the log-transformed data and significant 
differences were determined using the Newman-Keuls test. Correlations 
between parameters were calculated using linear regressions on the 
transformed data. Full discussions on these statistical methods are 
contained in Zar (1984).
Using log-transformed data and statistical methods outlined above, 
comparisons were made between;
* all data at each site,
* wet and dry weather data, and,
* data collected before construction of a gross pollutant trap and 
associated dredging of pond 6, during construction, and after completion 
of construction.
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TABLE 7.5
Skewness and kurtosis of raw and log transformed data
Parameter Skewness 
Raw Data
Kurtosis 
Raw Data
Skewness 
Log Data
Kurtosis 
Log Data
Total Phosphorus 5.08 41.28 -0.27 -0.59
Ammonia 7.20 59.62 0.94 1.69
Nitrate 2.78 8.87 -0.76 0.83
Total Kjeldahl 
Nitrogen
2.63 8.07 -1.52 2.44
Faecal
Streptococci
12.05 155.34 0.58 1.3
Faecal Conforms 8.95 94.38 0.55 0.64
Biological Oxygen 
Demand
14.58 217.14 1.47 6.91
Suspended Solids 9.01 101.65 0.61 0.40
Oil 9.09 105.32 1.01 1.55
Iron 4.91 29.83 -1.15 6.45
Cadmium 2.64 11.50 0.37 -1.34
Copper 3.03 11.53 -0.36 0.30
Lead 1.48 0.99 -0.16 -0.54
Zinc 1.68 4.57 - 1.10 0.86
Chromium 1.7 3.09 -0.33 -1.24
Nickel 2.84 10.76 -0.06 -1.3
Temperature -0.16 0.01 -0.73 0.81
Turbidity 7.14 62.87 1.11 1.55
pH - 0.002 3.57 -0.67 4.96
Conductivity 0.88 1.87 - 0.66 0.59
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Using the Newman-Keuls test for significant differences, differences in the 
data were considered significant when the probability (p) was equal to, or 
less than, 0.05. This equates to a 5%, or less, probability that any difference 
is due to factors other than random error.
Ratios of faecal conforms to faecal streptococci were also calculated. 
Although these ratios should be used with caution (see Section 4.5), some 
indication of origin of the bacteria can be gained.
Export weights of pollutants being transported into the Wetlands through the 
SWC at Gardeners Road were calculated using the following formula.
W = Xe_Q
106
where W = annual pollutant weight (Kg/year) 
X,. = pollutant concentration (mg/L)
Q = base flow discharge (L/year)
Discharge was determined at site 1 by use of a rating curve which provided 
a relationship between flow height and discharge at this point. This rating 
curve was calculated by Water Board Hydrographic staff using flow 
measurements through a rectangular cross section of the concrete lined
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channel. Flow heights were recorded when samples were collected at site 1 
to allow correlation of concentration with flow.
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8. WATER QUALITY ANALYSIS -  RESULTS
8.1 Water quality in the Botany Wetlands
Throughout the study, parameters were found to exceed water quality 
criteria as specified in State Pollution Control Commission (1989, 1990) at 
most sites; however high variability exists within the collected data. This high 
variability is consistent with other water quality studies and highlights the 
difficulties with quantification of water quality within waterways and 
interpretation of water quality data. This high variability in the data also adds 
difficulty in comparison of data to water quality criteria. Although the mean 
value is a convenient measure for comparison, and is used for statistical 
analysis in the following discussion, the high variability in the data suggests 
that the mean may not be totally representative of the data. The number of 
times criteria is exceeded is possibly a more representative measure of the 
data set and is therefore included in the following discussion. Where 'p' is 
used, it refers to the level of probability that differences are significant. A full 
list of criteria used for this study (State Pollution Control Commission 1989, 
1990) has been given in Table 8.1; the raw data from this study are detailed 
in Appendix E with summary statistics shown throughout the following 
discussion.
page 109
TABLE 8.1
Water quality criteria for urban waters in NSW (after SPCC 1989,1990)
Parameter Units Criteria I
suspended solids mg/L
--------------- — ------------------------
10
total phosphorus mg/L 0.05
total Kjeldahl nitrogen (TKN) mg/L 0.5
ammonia (NH3) mg/L 0.02
nitrate (N03") mg/L 10
biological oxygen demand mg/L 2 I
faecal conforms CFU/100mL 200 I
faecal streptococci CFU/100mL 200
chromium (Cr) mg/L 0.02
lead (Pb) mg/L 0.02
nickel (Ni) mg/L 0.02 |
cadmium (Cd) mg/L 0.004
zinc (Zn) mg/L 0.1
copper (Cu) mg/L 0.02
iron (Fe) mg/L 1
oil mg/L 1
organochlorines mg/L see Appendix F
PAH mg/L 0.3
PCB mg/L 10-6
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8.2 Suspended solids
Mean concentrations of suspended solids at sites 1, 2, 5 and 8 are above 
the criterion of 10 mg/L (Table 8.2). The standard deviation is higher than 
the mean at aii sites indicating the high variability in the data. The criterion 
was exceeded in 40% of samples collected at site 1, 51% of samples at site 
2, 30% of samples at site 3 and 59% of samples at site 8 (Table 8.2).
TABLE 8.2
Summary statistics for suspended solids (mg/L)
Site Number of 
samples
Minimum Maximum Mean Standard
deviation
Times 
criterion 
exceeded I
1 40 0.5 90 16.8 22.5 16 (40%) |
2 39 2.5 101 17.0 20.2 20 (51%) |
3 37 0.5 74 9.1 13.1 11 (30%)
4 37 0.5 70 7.7 11.7 5 (14%)
5 37 0 745 42.0 132.7 6 (16%) I
8 27 0.5 65 23.9 35.2 16 (59%) I
9 13 2.5 230 7.1 62.2 2 (15%) |
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Mean values at site 8 are significantly higher than at site 3 (p = 0.001) and 
site 4 (p = 0.0005); and those at site 5 are significantly higher than at site 8 
(p = 0.002). A significant difference was found between wet and dry weather 
means at site 1 (p = 0.01), with the wet weather mean being higher. 
Concentrations of suspended solids at site 1 in wet weather were either 
equal to or higher than the criterion in all but one sample. No other 
differences were noted.
These results show that incoming water quality at site 1 contains high 
concentrations of suspended solids, especially in wet weather, which largely 
travel through pond 6, but settle out in pond 5. The suspended solids which 
do not settle out in pond 5 appear to then pass through the remaining 
wetlands system.
The high mean concentration at site 8 also indicates a significant input at 
this site which also settles out in pond 5. Although mean concentrations at 
site 8 appear to be lower than at site 9, no significant difference was found 
(p = 0.44). Thus pond 5 is an important modifier of water quality within upper 
section of the Wetlands.
These results also show that there is a significant input of suspended solids 
upstream of site 5, but below site 4. A distinct period in the data, between 
4/12/90 and 12/3/91, shows extreme levels which contribute to this high 
mean (Figure 8.1). During this period, vegetation was removed from the
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edges of the Mill Stream, within the water, and the foreshore area was 
landscaped adjacent to the Lakes Business Park located just upstream of 
Botany Road (site 5). Considerable disturbance of the sediments and some 
erosion from the banks is likely to have occurred during this work and is the 
probable cause of high suspended solid levels during this period. During the 
rest of the period of measurement, suspended sediment concentrations at 
sites 4 and 5 did not indicate a major input from the Mill Stream.
Hence, the predominant sources of suspended sediment into the system are 
the inflow from the stormwater drains above sites 1 and 8. The pond 
systems are effective in settling out this sediment.
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FIGURE 8.1
Graph of concentrations of suspended solids at site 5
m g /L
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8.3 Nutrients
8.3.1 Phosphorus
The mean concentrations of phosphorus were found to be high. Individual 
values, although highly variable at all sites, were rarely below the water 
quality criterion of 0.05 mg/L. Standard deviations were higher than, or equal 
to, the mean at internal wetlands sites 3, 4 and 5 indicating high variability at 
these sites (Table 8.3).
Significant differences were found between mean concentrations of 
phosphorus at site 4 and at both site 8 (p = 0.001) and site 9 (p = 0.005), 
with mean concentrations at site 4 being lower in both cases. No significant 
differences were found between any other sites (p > 0.05). The wet weather 
mean was significantly higher than the dry weather mean only at site 5 (p =
0.0002) .
Low correlations with both faecal conform and faecal streptococci bacteria (r 
= 0.105 and -0.159) and with total Kjeldahl nitrogen (r = 0.061) suggest that 
the major source of phosphorus is not from sewer overflows or leakage. 
These correlations were not significant at p < 0.05. This is supported by the 
absence of a significant difference between wet and dry weather data at 
sites other than site 5. No other significant correlations were found between 
phosphourus and other parameters, including suspended solids.
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TABLE 8.3
Summary statistics for total phosphorus (mg/L)
Site Number of 
samples
Minimum Maximum Mean Standard
deviation
Times I
criterion
exceeded
1 43 0.01 0.7 0.2 0.1 31 (72%)
2 42 0.02 0.8 0.2 0.2 37 (88%)
3 39 0.02 1.3 0.2 0.2 33 (85%)
4 39 0.09 1.3 0.2 0.2 22 (56%)
5 39 0.01 3.1 0.3 0.5 23 (59%)
8 29 0.025 1.2 0.3 0.3 25 (86%)
9 15 0.025 0.6 0.3 0.2 13 (87%)
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Given the significant decline in levels of suspended solids downstream of 
ponds 4 and 5, a similar decline was anticipated in phosphorus levels, 
because phosphorus is often associated with suspended sediment (Pitt and 
Bissonnette 1984). This decline did not occur; levels throughout the 
Wetlands (sites 2, 3, 4 and 5) were similar. This pattern shows that 
phosphorus and suspended sediment are behaving differently through the 
system. The most likely reasons for phosphorus levels being maintained are 
internal cycling or inputs from other sources. Internal cycling may be 
increasing phosphorus levels in the downstream ponds, as aquatic plants 
take up phosphorus during growth and release it during decay. The 
surrounding golf courses, upstream of the Mill Pond, may also be 
contributing significant quantities of phosphorus to these ponds through their 
fertilizing regime. Another possible source of phosphorus is groundwater 
discharge into the wetlands.
8.3.2 Nitrogen
Mean concentrations of total Kjeldahl nitrogen (TKN) were high at all sites, 
especially at site 8 (Table 8.4). The criterion of 0.5 mg/L was exceeded at all 
sites and in more than 50% of all samples. Mean ammonia (NHJ 
concentrations also exceeded the criterion (0.02 mg/L) at all sites and in 
more than 70% of samples, but nitrate (N03") concentrations were below the 
criterion (10 mg/L) at all sites, with the exception of sites 8 and 9 where 
more than 50% of samples exceeded the criterion (Tables 8.5 and 8.6).
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As was the case for phosphorus, nitrogen levels did not vary consistently 
with rainfall. Values of mean TKN, NH3 and N03" for wet and dry weather 
samples were not significantly different at sites other than at site 9. Mean 
values of N03'  at site 9 were significantly higher in wet weather data (p =
0.05).
Mean TKN at site 8 was found to be significantly higher than at sites 1 (p =
0.002), 2 (p = 0.001), 3 (p = 0.0009), 4, 5 and 9 (for all of these p = 0.0001). 
Greatest variability was shown at sites 4, 5 and 9 where standard deviations 
exceeded means.
Mean ammonia concentrations at site 8 were found to be significantly higher 
than at all other sites -  site 1, site 2, site 3, site 4, site 5 and site 9 ( in all 
cases p = 0.0001). Site 1 values were significantly higher than at site 5 (p =
0.001). Again all values were highly variable with large standard deviations 
(Table 8.5).
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TABLE 8.4
Summary statistics for total Kjeldahl nitrogen (mg/L)
Site N um ber of 
sam ples
M inim um M axim um M ean Standard
deviation
Tim es I
criterion
exceeded
1 42 0.025 3.9 1.7 1.0 38 (90%)
2 41 0.005 3.9 1.7 1.0 33 (88%)
3 38 0.025 3.5 1.5 0.9 32 (84%)
4 38 0.025 10.3 1.4 1.7 30 (79%)
5 38 0.005 10.9 1.3 1.9 22 (58%)
8 29 0.025 11.9 4.8 3.3 27 (93%)
9 15 0.025 3.81 1.8 2.2 9 (60%)
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TABLE 8.5
Summary statistics for ammonia (mg/L)
Site Number of 
samples
Minimum Maximum Mean Standard
deviation
Times
criterion
exceeded
1 42 0.025 1.10 0.2 0.2 41 (98%)
2 41 0.025 0.77 0.2 0.2 40 (98%)
3 38 0.02 0.56 0.1 0.1 33 (87%)
4 38 0.025 2.0 0.2 0.3 34 (89%) I
5 38 0.01 2.5 0.2 0.5 27 (71%)
8 29 0.025 24.0 3.4 5.8 28 (97%)
9 15 0.025 1.5 0.3 0.4 11 (73%)
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TABLE 8.6
Summary statistics for nitrate (mg/L)
Site Num ber of 
sam ples
M inim um M axim um Mean Standard
deviation
Tim es I
criterion
exceeded
1 41 0.018 9.5 4.1 2.8 0
2 41 0.005 6.4 1.2 1.2 0
3 38 0.03 8.0 1.8 2.2 0
4 38 0.09 5.9 1.8 1.4 0
5 38 0.005 5.4 1.0 1.2 0
8 28 0.70 32.5 11.2 9.0 14 (50%)
9 15 1.0 23.0 11.8 7.7 9 (60%)
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Mean concentrations of N03'  were high at site 8. Although N03~ 
concentrations at site 8 were not significantly higher than at site 9, they were 
significantly higher than at internal wetland sites 2, 3 and 5 (p = 0.0001). 
Site 9 also displayed significantly higher mean values than at sites 2, 3 and 
5 (p = 0.0001). Site 1 also had significantly higher mean values than at site 
2 (p = 0.001), site 3 (p = 0.0003), site 4 (p = 0.006) and site 5 (p = 0.0001). 
High standard deviations were again evident.
Thus, the concentrations of nitrogen within the Wetlands were consistently 
high, especially at site 8. Because concentrations of TKN and NH3 at site 8 
were significantly higher than at site 9, it can be reasonably assumed that 
leachate from the landfill site at Astrolabe Park is a significant source of TKN 
and NH3 to the wetlands at site 8. It would be expected that nitrate entering 
the Astrolabe Park area, or being produced by degradation of landfill 
material, would be reduced to ammonia, thus contributing to high ammonia 
concentrations in the leachate (Lisk 1991). The high nitrogen concentrations 
at site 8 may also be caused by an input from the Birds Gully SWC and 
poor flushing at this site. Other significant sources of nitrogen in the 
Wetlands may be internal cycling and fertilizing regime of surrounding golf 
courses.
No significant correlations were found between any of the forms of nitrogen 
and either measurement of bacterial contamination. As was the case with 
phosphorus, therefore, sewer overflows do not appear to be the major
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source of this nutrient. This is confirmed by the lack of significant differences 
between wet and dry weather concentrations.
8.4 Biological oxygen demand
The mean concentrations of bioiogical oxygen demand (BOD) were found to 
be above the criterion of 2 mg/L at all sites (Table 8.7). Site 8 displayed a 
very high concentration of BOD (more than five times the criterion) while 
levels at sites 1, 2, 3, 4, 5 and 9 were only slightly elevated (less than twice 
the criterion). Again, data were highly variable with high standard deviations. 
The criterion was exceeded in at least 50% of samples at sites 1, 2, 3 and 
8 .
One extreme value, 630 mg/L was recorded on 7/3/90 at site 3 which 
elevated the mean value of BOD at this site to 19.69 mg/L. It is difficult to 
explain this extreme reading because there was no significant corresponding 
elevation at other sites and, with only 9 mm of rain having fallen in the 
previous 24 hours, weather was classified as dry. No significant correlation 
with other parameters was found. This extreme value was therefore removed 
from the data set before statistical analysis.
Mean concentrations of BOD at site 8 were found to be significantly higher 
than at sites 1 (p = 0.01), 2 (p = 0.001), 3 (p = 0.01), 4 (p = .0001), 5 (p = 
0.0007) and 9 (p = 0.002). Leachate from the tip site at Astrolabe Park is
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probably a significant contributor to BOD levels at site 8; however poor 
flushing and dense vegetation at this site may also be significant.
TABLE 8.7
Summary statistics for BOD (mg/L)
Site Number of 
samples
Minimum Maximum Mean Standard
deviation
Times
criterion
exceeded
1 40 1.0 16 3.7 3.0 20 (50%)
2 40 0 12 3.2 2.3 20 (50%)
3 37 0.7 8.6 3.2 1.9 21 (55%)
4 37 0.5 9.6 2.6 2.1 11 (30%)
5 37 0 14 3.2 2.9 16 (43%)
8 26 1.3 60 10.0 14.7 16 (62%)
9 13 2.5 13 3.5 3.6 2 (18%)
The significantly lower mean value for BOD at site 9 indicates that Birds 
Gully SWC is not a major source of BOD. The internal wetland sites have 
relatively low BOD values and internal cycling of dead vegetation is possibly 
the most significant source, since inflow does not contribute a high 
concentration to the system.
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8.5 Bacteria
The bacteria results were found to be highly variable, with all sites displaying 
high standard deviations (Table 8.8 and 8.9). Levels of bacteria in 8 
analytical results were reported only as >300 and >900 CFU/100mL and 
thus had to be deleted from the results for statistical characterisation; 
therefore levels of bacteria may be underestimated. This only occurred for 
samples from sites 1 and 8; at these sites the means were significantly 
higher than at other sites, so the conclusions drawn from the results are still 
likely to be valid.
Within the Wetlands, at sites 2, 3, 4 and 5, mean counts of faecal conforms 
were above the criterion of 200 CFU/100mL, although significantly lower 
than mean concentrations at inflow sites 1 and 8 (p < 0.005). The criterion 
was exceeded in more than 50% of samples at internal sites and in more 
than 80% of samples at inflow sites 1 and 8. Faecal streptococci levels were 
below the criterion (200 CFU/100mL) at all sites except sites 1 and 8, with 
these sites again being significantly higher than internal sites 2, 3, 4 and 5 
(p <0.005). Faecal streptococci criterion was exceeded in less than 50% of 
samples at all sites and in less than 20% of samples from internal wetland 
sites.
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TABLE 8.8
Summary statistics for faecal conforms (CFU/100mL)
Site Number of 
samples
Minimum Maximum Mean Standard
deviation
Times
criterion
exceeded
1 39 2 890000 59272 163911 34 (87%)
2 41 10 30000 1615 4946 23 (59%) I
3 39 10 8400 992 1868 26 (67%) I
4 38 5 15600 1288 2976 26 (68%) I
5 37 40 8400 797 1409 25 (68%) I
8 28 50 330000 23090 64905 24 (83%)
9 15 3 30000 8587 10773 11 (73%)
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TABLE 8.9
Summary statistics for faecal streptococci (CFU/100mL)
Site N um ber of 
sam ples
Minim um Maximum Mean Standard
deviation
Times
criterion
exceeded
1 31 1 35000 3062 8403 15 (48%) I
2 32 0 620 63 118 2 (6%)
3 30 0 2000 99 362 1 (3%)
4 34 1 790 96 176 4 (12%)
5 33 1 490 98 114 5 (15%) I
8 22 6 150000 7198 31905 6 (27%)
9 13 11 310 136 120 4 (31%)
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These results suggest that there is no major source of bacterial 
contamination within the wetlands. The declines from site 1 to site 2, and 
from site 8 to site 3, indicate that detention time and exposure to ultra violet 
light contribute to decline in numbers as incoming water flows through the 
system. This is supported by the lack of significant differences between wet 
and dry weather means at all sites (p = 0.05).
Ratios of Faecal conforms to Faecal streptococci are well in excess of 2:1, 
with the exception of site 8 which is only slightly above at 3:1 (Table 8.10). 
These high ratios suggest a predominantly human origin at all sites. The 
relatively low ratio at site 8 is possibly misleading; Faecal streptococci 
counts are much lower than faecal conform counts in all samples except 
those collected on 25/10/89. This may have been an abnormal count which 
has distorted the ratio. Excluding this value gives a ratio of 52:1.
Because no source of bacteria is suspected within the wetlands and 
concentrations show no significant difference between wet and dry weather, 
sewer overflows do not appear to be the major source of faecal 
contamination. It is therefore suspected that illegal connections or seepage 
from the sewer system are contributing to high bacterial levels entering the 
wetlands at sites 1 and 8.
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TABLE 8.10
Ratios of faecal conforms to faecal streptococci
Site Ratio FC:FS Number of
samples
1 19:1 31
2 26:1 32
3 10:1 30
4 13:1 34
5 8:1 33
8 3:1 22
9 63:1 13
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8.6 Metals
8.6.1 General
Interpretation of the data for metals has been extremely difficult mainly due 
to the differences in the data which coincide with a change in analytical 
laboratories which occurred on 16/7/91. Mean concentrations of most 
metals, except copper and iron, showed significantly lower values after the 
change in laboratories which indictes that the change was significant. 
Therefore results have been presented here with little interpretation 
attempted.
8.6.2 Chromium
Mean chromium concentrations were found to exceed the criterion of 0.02 
mg/L at all sites, with the standard deviation being higher than the mean in 
most cases (Table 8.11). At sites 8 and 9 more than 50% of samples were 
found to have concentrations above the criterion, although only 1 sample 
exceeded the criterion after the change in labortory. No significant site 
differences were detected (p = 0.05) during dry weather, however mean 
concentrations were significantly higher at site 4 during wet weather (p = 
0.024).
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TABLE 8.11
Summary statistics for chromium (mg/L)
Sites Num ber of 
sam ples
M inim um Maximum Mean Standard
deviation
Tim es
criterion
exceeded
1 28 0.001 0.2 0.04 0.10 9 (32%)
2 29 0.005 0.3 0.05 0.07 8 (28%)
3 29 0.005 0.16 0.04 0.05 10 (34%)
4 27 0.005 0.15 0.03 0.04 7 (26%) l
5 27 0.005 0.15 0.04 0.04 8 (30%)
8* 17 0.02 0.10 0.06 0.04 10 (59%)
9* 10 0.02 0.20 0.05 0.05 5 (50%)
* no data after change in laboratory
8.6.3 Lead
The criterion of 0.02 mg/L was exceeded by the mean concentrations of lead 
at all sites (Table 8.12). Again the standard deviations were higher than the 
means at most sites. Site 8 was found to be significantly higher than site 1 
(p = 003), site 4 (p = 0004) and site 5 (p = 0006). Values at site 8 
exceeded the criterion in more than 70% of samples.
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TABLE 8.12
Summary statistics for lead (mg/L)
Site Number of 
samples
Minimum Maximum Mean Standard
deviation
—
Times
criterion
exceeded
1 28 0.002 0.30 0.06 0.1 11 (40%)
2 29 0.002 0.25 0.07 0.07 17 (59%)
3 29 0.002 0.30 0.06 0.08 15 (52%)
4 27 0.002 0.20 0.04 0.06 6 (22%)
5 27 0.002 0.3 0.05 0.09 6(22% )
8* 17 0.02 0.3 0.12 0.09 12 (71%)
9* 10 0.02 0.10 0.06 0.04 6 (60%)
* no data after change in laboratory
8.6.4 Nickel
The mean concentrations of nickel were higher than the criterion of 0.02 
mg/L at all sites. At most sites, the standard deviations were higher than the 
mean (Table 8.13).
Birds Gully stormwater channel appears to be the major source of nickel to 
the wetlands; sites 9 and 8 are significantly higher than sites 1, 4 and 5 (p <
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0.05). More than 50% of samples were above the criterion at sites 9 and 8.
TABLE 8.13
Summary statistics for nickel (mg/L)
Site Num ber of 
sam ples
Minimum Maximum Mean Standard
deviation
Times I
criterion
exceeded
1 28 0.002 0.10 0.03 0.01 8(29% )
2 29 0.002 0.15 0.04 0.04 12 (41%)
3 29 0.002 0.20 0.04 0.05 9 (31%)
4 27 0.002 0.25 0.03 0.05 5 (19%)
5 27 0.002 0.41 0.06 0.10 10 (37%)
8* 17 0.02 0.40 0.07 0.09 9 (53%)
9* 10 0.02 0.20 0.07 0.06 6(60% )
* no data after change in laboratory
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8.6.5 Cadmium
As with chromium, lead and nickel, mean concentrations of cadmium 
exceeded the criterion (0.004 mg/L) at all sites, although with high standard 
deviations at most sites (Table 8.14). However, cadmium concentrations 
were below detection limit in all samples after the change in analytical 
laboratories.
The mean value at site 8 was significantly greater than site 2 (p = 0.016) 
and site 9 (p = 0.024) indicating that the major source of cadmium to the 
Wetlands is from leachate from the Astrolabe Park site. More than 80% of 
samples had cadmium levels above the criterion at site 8.
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TABLE 8.14
Summary statistics for cadmium (mg/L)
Site Num ber of 
sam ples
Minim um M axim um Mean Standard
deviation
—
Times
criterion
exceeded
1 28 0.002 0.04 0.01 0.01 14 (50%)
2 29 0.002 0.04 0.01 0.01 14 (48%)
3 29 0.002 0.05 0.01 0.01 14 (48%)
4 27 0.002 0.1 0.01 0.02 12 (44%)
5 27 0.002 0.05 0.01 0.01 12 (44%)
8* 17 0.005 0.1 0.02 0.01 14 (82%)
9* 10 0.005 0.01 0.01 0.01 7(70% )
* no data after change in laboratory
page 135
8.6.6 Zinc
Mean concentrations of zinc were found to be above the criterion of 0.1 
mg/L only at sites 8 and 9 (Table 8.15). Low variability was confirmed by low 
standard deviation values. The mean concentrations at sites 8 and 9 were 
significantly higher than all internal Wetland sites (p < 0.005), with site 9 
being significantly higher than site 1 (p = 0.003) and site 1 significantly 
higher than site 3 (p = 0.00001). During wet weather, the mean 
concentration at site 9 was significantly higher than in dry weather (p =
0.024).
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TABLE 8.15
Summary statistics for zinc (mg/L)
Site Num ber of 
sam ples
M inim um Maximum Mean Standard
deviation
- - - - - - - - - - - - s
Tim es
criterion
exceeded
1 28 0.002 0.3 0.07 0.1 4 (14% )
2 29 0.002 .011 0.05 0.04 0
3 29 0.002 0.1 0.04 0.04 0
4 27 0.002 0.15 0.05 0.03 1 (3%)
5 27 0.002 0.1 0.05 0.03 0
8* 17 0.09 0.3 0.16 0.05 12 (71%)
9* 10 0.07 0.4 0.17 0.09 7 (70%)
* no data after change in laboraory
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8.6.7 Copper
Copper concentrations were found to be higher than the criterion of 0.02 
mg/L at all sites except 1 and 5, with low variability (Table 8.16). Samples 
from sites 8 and 9 exceeded the criterion in more than 50% of cases. Mean 
concentrations were found to be significantly higher at site 9 than at all other 
sites except site 8 (p < 0.001), with site 8 concentrations also being 
significantly higher than other sites except sites 1 and 9 (p < 0.001). Input 
from Birds Gully drain is therefore assumed to be a significant source of 
copper, as well as zinc.
TABLE 8.16
Summary sta tistics fo r copper (mg/L)
Site Num ber of 
sam ples
M inim um Maximum Mean Standard
deviation
Tim es
criterion
exceeded
1 28 0.005 0.10 0.02 0.01 5 (18%)
2 29 0.005 0.02 0.014 0.01 0
3 29 0.005 0.05 0.014 0.01 1 (3%)
4 27 0.005 0.09 0.015 0.02 1 (37%)
5 27 0.005 0.16 0.02 0.03 4 (15%)
8* 17 0.02 0.10 0.04 0.03 9 (53%)
9* 10 0.02 0.15 0.06 0.04 7 70%)
* no data after change in laboratory
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8.6.8 Iron
Mean iron concentrations were above the criterion of 1 mg/L at sites 5 and 8 
only, with values at these sites also being highly variable (Table 8.17). The 
criterion was exceeded in more than 50% of samples from site 8 only. No 
significant differences exist between sites. Leachate from Astrolabe Park 
appears to be an important source of iron, but there are other important 
sources also, as the high maximum value at site 5 indicates. Discharge of 
groundwater to the surface ponds in the Wetlands is probably a significant 
source of iron as the groundwaters contain high concentrations of iron 
(Jankowski and Knight 1991).
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TABLE 8.17
Summary statistics for iron (mg/L)
Site N um ber of 
sam ples
M inim um M axim um M ean Standard
deviation
Tim es I
criterion
exceeded
1 28 0.24 1.5 0.77 0.4 4 (14%)
2 29 0.30 1.73 0.88 0.3 7 (24%)
3 29 0.25 2.10 0.71 0.35 2 (7 % )
4 26 0.09 1.35 0.60 0.35 2 (8 % )
5 26 0.10 11.50 1.06 2.25 2 (8 % )
8 17 0.01 7.10 2.46 2.42 17 (53%)
9 10 0.20 2.05 0.68 0.54 1 (10%)
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8.7 Toxic organics
Toxic organics were below detection limits in all samples. The criteria for 
each toxic organic are shown in Appendix F. Considering land use in the 
catchment, especially the heavy transport network and golf course use, toxic 
organics would be expected in some water samples. However, this result is 
not surprising given that the frequency of detection of toxic organics in urban 
runoff is typically low (USEPA 1989). The extraction of toxic organics from 
runoff samples has been shown to have a decreased efficiency as the 
suspended solid fraction increases, thus supporting evidence that the major 
association of toxic organics is with the particulate fraction (Hunter et al. 
1979).
8.8 Oil/grease
The mean concentrations of oil were found to be high at all sites and well 
above the criterion of 1 mg/L. Oil concentrations were highly variable, with 
standard deviations being higher than the mean at all sites (Table 8.18).
No significant differences at p = 0.05 were shown between mean values at 
any site.
It would appear that there are significant inputs of oil and grease at both 
sites 1 and 8 which are possibly transported through the system because of
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the floating nature of the pollutant, although some emulsification would be 
expected. Inputs from the extensive road network and industrial areas in the 
lower catchment may also contribute to the levels.
TABLE 8.18
Summary statistics for oil/grease (mg/L)
Site Num ber of 
sam ples
M inim um M axim um Mean Standard
deviation
Tim es |
criterion
exceeded
1 39 0.5 132 15.1 30.8 23 (59%)
2 40 0.5 700 31.8 113.1 20 (50%)
3 38 0.5 81 9.5 19.6 16 (42%)
4 36 0.5 78 6.4 13.2 16 (44%)
5 38 0.5 210 20.3 50.1 17 (45%) |
8 27 0.5 160 14.0 33.0 12 (44%)
9 16 2.5 30 6.7 6.9 10 (62%)
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8.9 Temperature, conductivity and pH
Temperature, conductivity and pH are usually measured because of their 
effect on the nature of some pollutants.
No extremes in temperature, conductivity and pH were detected in any 
samples and no correlations were found with other parameters (Table 8.19). 
The pH at all sites was found to be either neutral or slightly alkaline and, 
although the minimum value recorded was 4.8, only 3 values were less than 
6. Temperature and conductivity were within normal ranges.
TABLE 8.19
Ranges o f temperature, conductivity and pH
Parameter Range I
temperature (0°) 9.8 -  28.1
conductivity (/L/s/m) CO b i Ü1 b
PH 4.8 -  9.2 |
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8.10 Litter
Significant quantities of floating Jitter were observed in and around pond 6 
through the course of this study. A visual assessment was made of the type 
and amount of litter caught in the trash rack incorporated in the GPT at the 
upstream end of the Wetlands for the 12 month period between July 1991 
and June 1992 (Table 8.20). Approximately 15870 kg of litter was removed 
in this 12 month period. This assessment does give an indication of the 
amounts and types of litter which enter the Wetlands. During flows greater 
than those experienced in the 1 in 1 year average recurrence interval storm 
stormwater, and its litter load, entering the Wetlands bypasses the gross 
pollutant trap and enters straight into pond 6. Thus an estimation of litter 
caught in the gross pollutant trap is a conservative estimate based on low to 
moderate flows. With these limitations in mind, it appears that a significant 
quantity of litter enters the Wetlands via the stormwater system and has the 
potential to detract from the visual amenity of the Wetlands. The high 
percentage of organic matter in the litter load would contribute to high BOD 
concentrations because it is mostly composed of fine leaf and grass matter 
which would decompose readily.
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TABLE 8.20
Assessment of litter trapped in Botany Wetlands GPT
Category Percentage Approximate weight
(kg)
organic matter 90 14280
paper 2 320
plastic 4 630
cans 1 160
bottles 1 160
other 2 320
TOTAL 100 15870
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8.11 Water quality in the Wetlands
In comparison to the water quality criteria for urban runoff, water quality 
within the Wetlands is poor and is possibly not of sufficient quality to support 
a diverse range of aquatic organisms. However, when compared to the 
results from other urban runoff studies, the concentrations of most pollutants 
in the Wetlands are generally at the lower end of ranges found in other 
areas, although nutrient levels appear to be in the high range when 
compared to other studies in Sydney (Cordery 1977, SPCC, 1989) (Table 
8.21).
The results indicate that incoming stormwaters at sites 1 and 8, and 
leachate at site 8, are the most significant sources of pollutants. Some 
settling of pollutants, especially particulate matter and some associated 
parameters (Cr, Cd and Pd), does occur in ponds 5 and 6. Surprisingly, 
settling does not reduce soluble nutrient levels, probably because of 
recycling which occurs within the Wetlands themselves and releases 
pollutants into the water from the vegetation and sediments. Bacterial levels 
are lowered, presumably by detention time and ultraviolet exposure. 
However, most pollutants pass through the system and into Botany Bay with 
relatively little reduction in concentrations.
The Wetlands themselves thus modify to some extent the quality of incoming 
waters, largely as a result of the settling of suspended solids and the
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reduction of bacterial levels. At the Inflow sites (1 and 8) all means were 
above the relevant criteria by factors of 1 to 15 (except for nitrate and iron at
TABLE 8.21
Comparison of pollutant concentrations
Source Biological Suspended Nitrogen Phosphorus
oxygen solids (mg/L) (mg/L) conforms
dem and (mg/L) (CFU/
(mg/L) 100mls) I
Botany Wetlands 4.2 17.7 2.03 0.23 13,663
Weibel et al. 2 -8 4 210 8.19 3.15 58,000
(1964) (range) (mean) (mean) (mean) (mean)
Angino fit al. 6.91 609 6.2
(1972) (mean) (mean) (mean)
Bryan (1972) 2 .2 -2 3 2 274 -13900 0.15-2 .5 3 ,000-
(range) (range) (range) 190,000
(range)
Cordery (1977) 31 59 1.5 1.6 5,300,000
(mean) (mean) (mean) (mean) (mean)
SPCC (1989) 1 0 -6 0 150-650
COIind 0 .1 -1 .5 10000-
(range) (range) (range) (range) 1,000,000
(range)
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site 1). At the downstream end (site 5), mean values of suspended solids, 
nitrate, faecal streptococci, zinc and iron were below the criteria used for 
comparison. Other values were two to eight times higher than the relevant 
criteria, except for oils which exceeded the criterion by a factor of 40.
8.11.1 Comparison of wet and dry weather runoff entering the Wetlands
Runoff entering the Wetlands can be divided into wet weather and dry 
weather flow. As discussed in Chapter 3, it would be expected that the 
greater volumes carried in wet weather would contribute significantly greater 
loads of pollutants to receiving waters, although the relationship between 
flow and pollutant load is not linear.
The results obtained confirm the poor quality of water entering the Wetlands 
from the major stormwater channel above sites 1 and 8, in both dry and wet 
weather.
In sampling carried out between 1/7/89 and 9/6/92, few significant 
differences were detected in mean concentrations between wet weather 
samples and dry weather samples at a confidence level of 95%. The only 
significant differences were total phosphorus at site 5 (p = 0.0002), nitrate at 
site 9 (p = 0.05) and suspended solids at site 1 (p = 0.01). The wet weather 
flows neither increased concentrations of pollutants (eg. via overflows of 
sewers), nor diluted the pollutants significantly. Certainly the wet weather
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data set was limited -  only 9 sample days were classified as wet while 33 
were classified dry. To fully compare differences between dry and wet 
weather data sets, temporal changes over the entire hydrograph for a 
number of specific storms of different magnitude would need to be 
quantified. This was not possible within the bounds of this study.
Estimated loads of pollutants entering the wetlands during low flow 
conditions at site 1, using the formula given in Section 7.5, are given in 
Table 8.22. These results indicate that significant annual loads of pollutants 
enter the Wetlands from the drainage system upstream of Gardeners Road 
during dry weather flows. It seems likely that loads of pollutants to the 
system would be increased by greater flows of consistently poor quality 
during wet weather. Loads were not calculated during wet weather flows 
because of the limited flow data available. These loads are relatively low 
when compared to recent estimates of pollutant loads in the Cooks River 
catchment (Clean Waterways Programme 1992, Gamtron Pty Ltd 1992a) 
(Table 8.22). However, it should be noted that loads estimated in this study 
are for base line flow only, while loads from these other studies are 
estimates based on wet weather flows. This indicates that the loads 
calculated for this study are underestimated. The relatively high loadings of 
nitrate confirm the movement of most of the nitrogen as soluble material.
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TABLE 8.22
Estimated pollutant loadings at site 1 (base line flow)
P aram eter Loading (kg/year) Loading
(kg /ha/yr)
Loadings from  other 
studies (kg/ha/yr)
total phosphorus 260 0.29 2.9 (1) 0.4 ^
ammonia 340 0.38
nitrate 5560 6.25
total Kjeldahl 
nitrogen
2310 2.59 15.8(1) 5.0 w |
biological oxygen 
demand
5050 5.67 65.3 p) 100
suspended solids 22700 25.50 190.4 (1) 650 p)
chromium 50 0.06
lead 80 0.09 0.3 (1) 1.0 £)
nickel 40 0.04
cadmium 10 0.01
zinc 90 0.10 3 (2)
copper 30 0.03
iron 1040 1.17
oil 20380 22.90
(1) Clean Waterways Programme (1992) (2) Gamtron Pty Ltd (1992)
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8.11.2 Leachate
Results also indicate that leachate from the Astrolabe Park site is a 
significant source of nitrogen, biological oxygen demand, chromium, lead, 
iron and cadmium. The results confirm the conclusions of Jankowski and 
Knight (1991), who suggest that the effect of leachate from Astrolabe Park is 
confined to ponds 5 and 6 (Fig. 8.2).
8.12 Correlations
Some correlations exist in the data set; this suggests that some parameters 
could be used as indicators of the presence of other pollutants. Table 8.23 
lists all correlations significant at p < 0.05. The strong positive correlations 
between most of the metals suggest a common source. Some of these 
metals also show some positive correlation with total phosphorus, although 
this is not always strong. However some parameters which typically display 
strong correlations, such as suspended solids and turbidity, bacteria and 
phosphorus, were found to show no significant correlations. In contrast to 
the findings of some other studies (Smalls 1989, Sinclair Knight and 
Partners 1990), suspended solids concentrations are not indicators of 
concentrations of other pollutants.
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FIGURE 8.2
Water Quality Effects of Leachate from Astrolabe Park 
(after Jankowski and Knight 1991)
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TABLE 8.23
Significant correlations between some parameters (r values, p < 0.05)
Variable Lead Zinc C hrom ium Nickel Copper Cadm ium total I 
phosphorus |
Lead 1.00 0.51 0.68 0.67 0.63 0.87
Zinc 0.51 1.00 0.56 0.57 0.60 0.53
Chrom ium 0.69 0.56 1.00 0.84 0.63 0.77 0.61 I
Nickel 0.67 0.57 0.84 1.00 0.65 0.74 0.57 I
Copper 0.63 0.60 0.63 0.65 1.00 0.57
Cadmium 0.77 0.52 0.77 0.74 0.57 1.00 0.54 I
total
phosphorus
0.61 0.57 0.54 1.00
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8.13 Effects of gross pollutant trap construction and associated 
dredging in pond 6
The Water Board commenced the construction of a gross pollutant trap at 
the upstream end of pond 6 in July 1990 (Plate 8.1). Associated with this 
construction were major earth works in and around pond 6. A high flow 
bypass of the gross pollutant trap was constructed which necessitated 
extensive removal of vegetation (Plate 8.2). A macrophyte pond was also 
constructed, immediately below the gross pollutant trap, by modifying the 
upstream end of pond 6. Dredging of pond 6 also took place at this time 
(Plate 8.3). To minimise downstream effects, and allow sufficient depth in 
pond 6 for the dredge to operate, the weir height at the downstream end of 
pond 6 was increased during construction period. Remedial work was 
completed and the gross pollutant trap was operational in May 1991.
To assess the effects of this construction work, and the operation of the 
gross pollutant trap, on surface water quality in the Wetlands, the data have 
been divided into time periods corresponding to before, during and after 
works. Significant differences have been computed on a site by site basis 
and results are presented in Table 8.24. A detailed comparison of data from 
sites 1 and 2, after completion of the GPT, would be expected to quantify 
any differences in water quality which could be attributed to the operation of 
the GPT and the macrophyte pond. Site 1 is immediately upstream of the 
GPT and site 2 is downstream of the weir at the exit of pond 6.
page 154
PLATE 8.1
Gross Pollutant Trap built upstream of pond 6
PLATE 8.2
Vegetation which was removed for high flow  bypass construction
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PLATE 8.3
Dredging in pond 6
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TABLE 8.24
Differences between mean values before, during and after 
construction of the gross pollutant trap
f Pa r a m e t e r ---------------------- T S iT E l------ t "ETTE'2----- S U E 3 I I
-----------------!------------------------------!
! SITE 4 i I SITE 5 I 1
l BEFORE DURING AFTER SIGNIFICANT BEFORE DURING AFTER S IG NIFICANT BEFORE | DURING AFTER ¡S IG N IF IC AN T | BEFORE | DURING ¡AFTER | SIGNIFICANT BEFORE DURING AFTER SIGNIFICANT
I D if f e r e n c e s "DIFFERENCES I • D if f e r e n c e s - ! I I----------------- DIFFERENCES D if f e r e n c e s
Total phosphorus I 0.23 0.21 0.075 B>A  (P=0.002) 0.23 0.24 0.08 B>A(P =0.0017) 0.231 0.21 0.073 i B>A(P = 0.005) | 0.26 I 0.18 0.022 B>A(P = 0.00003) 0.28 0.6 0.024 B>A(P =0.00006)
. I I 1I D>A(P = 0.0003) D >A {P =0.00004)
Ammonia | 0.17 0.34 0.289 NS 0.17 0.217 0.178 NS 0.1 | 0.2 0.201 | NS |! 0.21 | 0.22 0.19 NS 0.17 0.43 0.078 NS
| Nitrate i S68 5.64 1.161 | B>A(P = 0.00006) 1.53|I 1.04 0.688 "NS |i 2 5 4 1 201 0.631 | NS |I 2 3 2 I 242 I 0.427 | 8&A(P = 0.0001) 1.12 1.6 0.069---------- ------ B >A (P =0.0001)i __________ I D>A(P = 0.00001) 1i !! I 1I I i | D>A(P=0.Ò0003) D >A (P =0.00004)Total Kjeldahl n itrogen | 1.98 1.431 1.4371 NS 219 || 0 .991| 1.291 B>D(P = 0.Q002) | 1.88! 1.08 1.159 NS ! 1.75 I 1.71 I 0.664 | B>A(P = 0.003l ) 2 18 0.58 0.679 B>D{P=0.006)
_________________________ !__________ !1__________ I 1D<A(P = 0.013) |I I I I 1 i D>A(P=0.0Q303)
Biological oxygen dem and | 6.69|1 2.5 4 .21NS 276 i 2.5 4.6361¡NS |I 273 | 2.51 4.136 |NS 3.3 | 4.14 i 2 Î361 1291 ! 4.07 2 77 3 NS
Suspended solids 1 20.21 | 13.57 9 INS 18.97 j| 11.07 18| B>D(P = 0.012) Ii 7.91 I 3.331 14.54 | B<A(P = 0.004) 7.89 I • 8.57 1 7 |NS 7.72 I 196.78 3.182 B<D(P =0.009). | j
1I :| D<A(P = 0.001) |I 1 1
i |D <A(P  = 0.0Q2) !I I 1 1 I i D>A(P =0.0003)
Faecal coliforms I 904741I 43Ô5I 2754Q|¡733 14531I 3581 401 jfN S -"  iI 698! Ï296Ii 1256 ¡NS iI 1015 j 2908 i 410 ¡NS i 605 I 12851| 703 NS
Faecal streptococci | 1071 I 426 7000 |f B<A(P = 0.0007) 104 j| 35~ 47!INS 161 321 211 | NS I 1 1 0 I 109 I 68 |NS I 94 1 87 115 NS
__________ I| D<A(P = 0.026) __________!I :1 ! ! I II I I I 1
Chromium | 0.08 I 0.02 0.002 I B>D(P = 0.006) 0.091 0.02 0.002 B>D(P = 0.018) 0.031 0.021 0.002|B>D (P  = 0.004) |I 0.07 | 0.02 I 0.002 Ì 8>D(P = 0.C33) 'i 0 .0 8 1i ÔÔ2 0.0051! B>D(P=O.Ot2)
I I II D>A(P = 0.00001) I B>A(P = 0.00001) 1 1I | B>A(0.00001 ) |I | | B>A(O.OOOj1 ) 'I i 1 B>A(0.00001 )
I I1 ID>A(P = 0.00003) 1 | | D>A(0.00001 ) 1I • 1 1 D>A(0.00022) I----------------- ! I D>A(0.00027)
Lead I 0.12 0.02 0 .021| B>D(P = 0.Q2) 0.12 0.02 0.024 B>D(P = 0.002) 0.121 0.02|1 0.016 |B >D (P  = 0.006) 1I 0.08 0.021i 0.009 |3>A(P=0.0001) 1I â ï 2 l 0.02 0.006 B>D(P=0.001)
I !| B>A(P = 0.002) B>A(P = 0.001) 1 1 1 B>A(P = 0.0006) 1I I1 |D>A(P=0.02) 11
—
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Cadmium 1 0.02 i 0.003 0.002 | B>A(P = 0.0000) | 0.02 | 0.003 0.002 B>D(P = 0.0000) 0.021 0.003!I 0.0021 B>D(P = 0.0000) |I 0.02 0.003! 0.002 |B>D(P=O.LOOO) 1! 0.02 0.003 0.002 B>D(P=0.0000)
l | D>A(P =0.0000) ! I B >A (P =0.0000) 1 | B>A(P=0.0000) I I B>A(P=0.0000) 1 B >A (P =0.0000)
Zinc ' 0.11 0.038 0 .051| B>D(P =  0.015) 0.07 I 0.04 0.024 B> A(P =  0.0C5) 0.07| 0.018 0.019 j B>D(P=0.005) |I ÔÔ7Î| 0.035 0.021 B>A(P =  0.032) \ 0.06 0.068 0.0291 B>A(0.039)
;|B>A(P  =  0.014) I | B>A(P =  0.0006) __________!___________________ j D>A(P =0.024)
Copper ; 0.03 0.015 0 .021INS 0.02 0.014 0.008 8>A(P =  0.001) 0.021 0.014 0.006 |D > A (P =0.003) 0.02 0.014 0.01 | B>A(P =  0.001) j 0.02 0.014 0.022 NS
I i | b >D(P=0.017) j Ü>A(P=0.016) i
____________I__________ i B>A(P=0.0000) !
Iron | 0.91 0.725 0.61 I n s 0.81 0.8 0.987 NS 0.69 i 0.56 0.77 NS Ô45 0.45 0.81 |NS 0.47 3.95 0.588 NS
■Gil i 24.4 &167 ' 2.95 B>A(P = 0.02) 61.31 8.61 2 37 B > A (P = 0.004) 15.471 5.31 3.4 NS 9.32 5.28 2 4 5 1 B>A(P=0.045) 40.29 6.11 2 6 2 B>A(P=0.011)
I D>A(P = 0.015) D>A(P=0.018) r | D>A(P=0.042)
'TURBIDITY i 0 5 2.967 6.04 NS 4.7 266 15.61 B < A (P = 0.0001) 219 | 257 10.24 B<A(P=0.0001) 1.93 267 5.761 B<A(P=0.0003) 7.61 6.2 3.02 TsS-----------------------
I D< A(P=0.00001) 1 D<A(P=0.00001 ) j D<A(P=0.002)
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Significant reductions in total phosphorus, chromium, lead, nickel, cadmium, 
zinc, copper and oil occurred at all sites in the Wetlands after completion of 
the construction works. No other consistent significant differences were 
noted, including differences during construction period. The significant 
reductions in these parameters could be attributed to interception of 
sediment, and associated pollutants, in the gross pollutant trap or removal of 
polluted sediments in pond 6 by dredging. However, significant reductions 
were also noted at site 1, upstream of the gross pollutant trap and pond 6. 
Thus, it would appear that factors other than operation of the gross pollutant 
trap and dredging have influenced the data. Nevertheless, the gross 
pollutant trap has intercepted significant quantities of mostly coarse grained 
sediment of poor quality and litter since completion (Table 8.25).
A total of approximately 57 tonnes of sediment was removed from the gross 
pollutant trap in the 12 month period to July 1992. The size of the 
catchment area draining to the gross pollutant trap is 890 ha (Webb 
McKeown and Associates 1989). Hence an indication of the mean annual 
load of pollutants removed from the system by the gross pollutant trap can 
be calculated as:
Load (Kg/ha/yr) = m ean co n centration (Ka/Kcrt x 5.7 X 1Q4_KqM:
890 ha
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TABLE 8.25
Pollutant loads In sediment removed from gross pollutant trap
Parameter Mean concentration 
(mg/kg) (n=6)
Load (kg/yr) Load (kg/ha/yr)
total Kjeldahl 2598 148 0.17
nitrogen
total phosphorus 747 40 0.05
nickel 15 0.9 0.0009
lead 575 30 0.04
chromium 19 1 0.001
copper 174 9.9 0.01
zinc 456 26 0.03
cadmium 13 0.7 0.0008
page 159
In comparing the data from Tables 8.12 and 8.25, it can be seen that the 
load of pollutants in the sediments removed from the gross pollutant trap are 
much lower than the pollutant load in the water and entering the gross 
pollutant trap during low flows. Given that the gross pollutant trap intercepts 
mostly coarse grained sediments, it is most likely bedload which is trapped 
rather than suspended load. Less than 15% of total phosphorus and total 
Kjeldahl nitrogen were trapped, and less than 45% of any of the metals 
determined. Hence, it is not surprising that the gross pollutant trap does not 
affect significantly the concentrations in the water column, as confirmed by a 
comparison of data from sites 1 and 2 after construction (Table 8.26). A 
detailed comparison of data from sites 1 and 2 does show some significant 
differences (p < 0.05) in concentrations after completion of the gross 
pollutant trap; however, this comparison shows significant increases in mean 
concentrations of iron, lead and phosphorus, and significant decreases in 
mean concentrations of bacteria and NH3, at site 2. While some decline in 
bacteria and NH3 may be expected in the GPT, this decline at site 2 is most 
likely due to the retention time in pond 6 because of the large surface area 
and the action of ultra violet light. Thus it would appear that the GPT has 
little effect on mean concentrations of most pollutants contained in the water
column.
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TABLE 8.26
Differences between mean concentrations at sites 1 and 2 
after construction of GPT
Parameter Site 1 Site 2 Significant 
differences (p)
Ammonia (mg/L) 0.29 0.18 0.03
Total phosphorus 
(mg/L)
0.07 0.08 0.001
Faecal streptococci 
(CFU/100ml)
7000 47 0.001
Faecal conforms 
(CFU/100ml)
27548 401 0.001
Iron 0.61 0.99 0.005
Lead 0.02 0.024 0.01
Other factors which may have influenced the decline in pollutant 
concentrations after construction period include a major sewer reline 
adjacent to the stormwater channel upstream of site 1, changes to physical 
factors in the catchment and change of analytical laboratories. The major
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sewer reline took place in September 1991 but can be ruled out as a major 
factor because there is no corresponding significant decrease in bacteria No 
obvious physical changes occurred in the catchment during this time and 
has therefore also been ruled out as a major factor in significant differences. 
Thus a change in analytical laboratories appears to be significant.
Analytical laboratories changed in July 1991 and corresponded with 
recommencement of sampling after completion of the construction. Although 
analytical methodology remained the same, different internal quality control 
or analytical techniques may have resulted in differences in the data. It is 
impossible to validate a difference in the data due to laboratory change, 
although a comparison of all data, rather than a site by site comparison, 
does give some indication that a change in laboratories may be significant, 
especially in metal and phosphorus concentrations. The mean 
concentrations of all metals, except copper and iron, and total phosphorus 
consistently showed significantly lower values after the change in 
laboratories, while other parameters showed no significant differences. A 
comparison of data at sites 8 and 9, and other sites, after completion of the 
GPT would have allowed a better evaluation of the effects of laboratory 
change. Unfortunately, sites 8 and 9 were deleted from the sampling 
program when it was reviewed in June 1991. These sites were deleted for 
logistic and cost reasons, and because the contribution of Birds Gully SWC 
and Astrolabe Park leachate had already been established. The laboratory 
change also resulted from this program review. Interlaboratory variability in
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analysis of various parameters has been well documented and the 
implications for potential interchangeability of test results are of concern 
(Miskiewicz and Gibbs 1992). Thus, although difficult to substantiate, it 
would appear that the change in laboratory is the major reason for a 
significant reduction in concentration of most parameters after completion of 
the GPT.
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9. DATA VALIDITY AND COLLECTION
9.1 Data validity/suitability
The results of any monitoring program are totally dependent on the 
experimental design and analytical techniques (Kettle 1991). Inadequacies or 
errors in these two areas may result in poor results and lead to incorrect 
conclusions.
Aspects of the sampling program design which need to be addressed are:
1. site selection including sampling depths through the water column.
2. in some areas, biological indicators may give a better assessment of 
ecosystem health, although monitoring is generally more expensive and 
time consuming than water analysis and more expertise is required for 
sample collection and analysis.
3. a water quality index may also give a better indication of overall water 
quality than the use of water quality parameters used in isolation.
4. the time frame for collection of data must be sufficient to account for 
changes with any seasonality.
5. a statistically valid number of samples must also be analysed to allow 
confidence in the conclusions.
In discussions on the validity of data, the issue of suitability of the measure
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of water quality must also be raised. Water sampling may not give a true 
reflection of water quality throughout the system, and water quality criteria 
may not be good measures to determine the health of an ecosystem. Cohen 
(1988) and Cullen (1989) suggest that conventional waterway monitoring 
programs produce information that:
1. gives poor estimates of stream loadings;
2. inadequately parameterises variables of biological significance;
3. is not sufficiently sensitive to quantify changes in stream loadings; 
and;
4. is of limited use in quantifying or modelling process variables.
Accuracy and integrity of the analytical data is also vital. The analysing 
laboratory must have stringent internal quality control if it is to provide 
reliable, accurate data. Consistent analytical techniques and methodology is 
also necessary.
Thus it is essential that the methodology adopted for any water quality or 
ecosystem analysis be carefully selected to suit the objectives specific to the 
individual program. In reality, constraints are often inherent in most 
monitoring programs; thus it is necessary to be aware of possible 
deficiencies or inconsistencies.
The methodology adopted for this study was found to provide results which
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are useful and achieve the specific objectives of the study. The results 
obtained are certainly adequate to establish water quality management 
procedures for the Wetlands. Although this study did include several inherent 
constraints, which are included in the following discussion, these constraints 
did not affect the results sufficiently to prevent the study's objectives being 
achieved. However there is the need to be aware of possible inconsistencies 
in the data.
9.2 Data collection
Wet weather presented many problems in the data collection phase of the 
study. Access to the study area was not always possible due to localised 
flooding and the danger associated with field work in wet, slippery conditions 
and high water flows. The reaction time for wet weather event sampling also 
presented a problem. Localised weather patterns often resulted in missed 
events and travelling to the study area to find no rain falling in the 
catchment.
The time delay for getting to the study area was around 45 minutes which 
generally resulted in the first flush being impossible to sample using grab 
sampling techniques. Sampling was not possible outside normal working 
hours because security measures prevented access, thus many wet weather 
events could not be sampled. Other commitments also meant missing 
significant events.
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Most of these difficulties associated with wet weather can be overcome by 
the use of automatic samplers or continuous monitoring methods, although 
use of automated equipment is certainly not without problems. An automatic 
sampling station and flow monitoring equipment was installed at site 1 during 
this study; however siltation within the channel rendered it inaccurate and 
unreliable and no valid data was collected using this equipment. Usually, 
automatic samplers are activated by a rise in water level and then collect 
samples at predetermined time intervals, although newer models are 
capable of collecting samples at selected increments in water level.
The advantages of automatic samplers are many and include the ability to 
sample at predetermined intervals over the entire hydrograph, at any time. 
Thus quantification of first flush and recovery period is possible. Automatic 
samplers can be linked to flow monitoring equipment allowing samples to be 
related to flow and the calculation of loadings. Telemetry links for notification 
of personnel are also possible with automatic samplers.
Disadvantages of the use of automatic samplers are:
* cost -  initial equipment purchase and set up is expensive;
* their reliance on electronic equipment -  this can malfunction at crucial
times;
* limited sampling capacity -  someone still has to collect samples and
change bottles, and this is an additional expense,
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* intake tube and bottles -  these are difficult to sterilize for bacterial 
analysis;
* changes in the waters physical parameters -  temperature, pH and 
conductivity can change with storage;
* difficulty in synchronisation of samplers at different sites.
Continuous monitoring is possibly the most satisfactory method of water 
analysis. Continuous monitoring involves placement of probes, which are 
computer linked, into the water body and continuous readings are recorded.
Advantages of continuous monitoring include all those associated with 
automatic samplers, with the additional advantages of low operating costs 
(because individual samples do not have to be analysed in a laboratory), 
lack of sample contamination and collection of significant quantities of data. 
The major disadvantages of continuous monitoring are as follows:
1. cost -  large capital outlay is required for purchase and maintenance;
2. limited range of available probes -  this may not be a problem where 
good correlations between certain parameters are available;
3. calibration of probes -  this is required frequently to ensure accuracy
of results.
The use of continuous monitoring was not possible in this study because of 
cost and the limited availability of probes, especially those that measure
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nutrients. No reliable probes for measuring nutrients have been developed to 
date and it was considered that quantification of nutrient levels was vital for 
this study.
In this study, there was no significant difference between the concentrations 
of pollutants in wet and dry weather samples, hence the lack of a complete 
record of wet weather data is not a major constraint when characterising the 
quality of water in the Wetlands.
9.3 Representative samples
Another problem that was encountered in the sampling stages of this study 
was associated with collecting a “representative" sample. It appeared that 
there was always something occurring within the catchment that would have 
had some influence on water quality either entering the wetlands or within 
the wetlands themselves. Activities observed within the catchment during the 
sampling period included substantial redevelopment near the edges of the 
Engine Pond and upstream of Wentworth Avenue, relining of the sewer and 
bypass pumping using the SWC upstream of Gardeners Road, spraying of 
the aquatic weeds in most ponds with herbicides (which included both 
removal of weeds and leaving the decaying vegetation within the ponds) and 
considerable earth works just downstream of Gardeners Road. Although it 
can be argued that these activities do contribute to the overall quality of 
water within the Wetlands, they may not be representative of ongoing
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activities, and differences may exist in short and long term effects.
9.4 Analytical laboratory
It was necessary to change analytical laboratories during the course of this 
study which may have influenced results. Prior to July 1991, Caleb Brett 
Australia Pty Ltd was used for sample analysis. After July 1991 the Water 
Board's internal analytical laboratory, Scientific Services Branch, was used. 
Although methodology used by the two laboratories was similar, detection 
limits were different and internal quality control may have influenced results. 
As can be seen from the results discussed in Section 8.13, some significant 
differences were calculated between data collected before and after the 
change of laboratories. Although these differences may, or may not, be able 
to be attributed to the change in laboratories, they highlight the need for 
consistency and good internal quality control. A recent assessment of results 
obtained from several different laboratories using spiked samples revealed 
great variability in results (Miskiewicz and Gibbs 1992). The implications of 
inaccurate results are obvious and highlight the difficulty in having 
confidence in results and making comparison of data from different studies. 
Duplicate samples are often used for data validity and, although this does 
not overcome the problem, it may allow greater confidence in results. Budget 
restrictions prevented analysis of duplicate samples in this sampling 
program.
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Constraints such as these discussed above are inherent in all sampling 
programs. Their effects complicate the comparison of results from different 
studies, and thence the setting of appropriate water quality criteria. 
Nevertheless, in this study, the relatively inexpensive procedures have 
yielded results which achieve the study's objectives.
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10. WATER QUALITY MANAGEMENT
10.1 General
Possibly the most important element in any water quality study, which 
requires the development of management strategies, is defining and 
recognising the problem. Examination of the accepted beneficial uses is 
possibly the best way to allow this definition and recognition. If these 
beneficial uses are degraded, then cause and effect relationships need to be 
examined (Pitt and Bissonnette 1984).
Beneficial uses of subject water bodies should ideally be determined by 
committees run on the principles of total catchment management. Such a 
committee has not been formed for the management of the Botany 
Wetlands. However, it has generally been accepted by the Ministerial Task 
Force that there are six beneficial uses for the Botany Wetlands. These are:
1. an aesthetic background to an essentially urban landscape,
2. an open space/recreational area,
3. protection of the groundwater resource,
4. significant aquatic habitat, for both flora and fauna,
5. flood mitigation, and,
6. heritage value.
All these beneficial uses show signs of degradation. There is evidence of
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poor ground water quality, copious quantities of litter are evident in the upper 
ponds, water is turbid and odoriferous in some areas, toxic algal blooms 
have been reported, the capacity of the system is reduced by excessive 
sedimentation, and nuisance exotic vegetation predominates in many areas.
This study has confirmed that water quality in the Wetlands is below EPA 
criteria for maintenance of an aquatic ecosystem and it can be argued that 
this poor water quality is essentially responsible for the existing, and possibly 
continuing, degradation of identified beneficial uses. The major issues for 
water quality management in the Botany Wetlands are:
1. incoming urban runoff quality,
2. contaminated leachate from the landfill site,
3. sources of nutrients within the Wetlands.
It is therefore apparent that urbanisation of the catchment has resulted in a 
decline in ecological sustainability within the Wetlands and a water quality 
management strategy is necessary if any rehabilitation of the Wetlands is to 
be successful. Such a management strategy needs to focus on control of 
these identified pollution sources.
This study has also established that the Botany Wetlands system behaves 
differently to other wetlands in that the ponds have little effect on the 
pollutant concentrations passing through the system. Although some initial 
settling of some pollutants does occur in ponds 5 and 6, most pollutants
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appear to pass through the wetland system and Into Botany Bay. The 
groundwater Influence is most likely to be the cause of this difference in 
system behaviour.
10.2 Management framework
Water quality management in the Botany Wetlands should be part of an 
overall environmental management framework. This management framework 
would encompass rehabilitation to a level where beneficial uses are at an 
acceptable level of quality and a maintenance program. Two management 
concepts which can be applied to the Botany Wetlands are Total Catchment 
Management and Ecologically Sustainable Development.
Total catchment management is the management of natural systems on a 
catchment basis. Catchments are natural units of interdependent 
components, with identifiable boundaries and thus form logical units for 
planning and management (Teoh and Booth 1989). Total catchment 
management is based on coordination and integration of the activities of 
users and resource managers to achieve a balance between resource use 
and resource protection (Hawkins and Geering 1989). The NSW 
Government has embraced this concept with legislation, the Catchment 
Management Act 1989, which utilises community based committees for 
decision making on a catchment basis.
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The principles of Ecologically Sustainable Development are based on 
development which is compatible with protection of biological diversity and 
maintenance of ecological processes (Shearman 1990). They are relevant to 
the Botany Wetlands also in that they emphasise preservation of heritage 
values and ecological integrity, for future generations. Although management 
options are limited in a fully developed catchment such as the Botany 
Wetlands, controls can be applied to the catchment area to ensure that any 
redevelopment is compatible with ecologically sustainable development 
principles. The key issue in ecologically sustainable development here is the 
cumulative impact of progressive catchment development.
Within an overall environmental management framework, incorporating the 
principles of both Total Catchment Management and Ecologically 
Sustainable Development, water quality management of surface waters in 
the Botany Wetlands needs to address the three identified problem areas -  
urban runoff, leachate and nutrient source within the Wetlands.
10.3 Urban runoff management
The diffuse nature of sources of pollution in urban runoff makes pollution 
difficult to treat at the source. Recent concern for the receiving water 
environment has lead to strategies being developed for the minimisation and 
treatment of diffuse source pollution. These strategies are generally in their 
infancy in Australia and little is known of their effectiveness under Australian
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conditions.
Available urban runoff pollution control measures include source controls, 
interception methods and receiving water management (Phillips 1991). A 
complete discussion of these various control measures, including design 
criteria, is contained in State Pollution Control Commission (1990) and 
Phillips (1991). A summary of these methods is included in Table 10.1.
Although the selected control measures will be dependent on the perceived 
beneficial uses and standards set for the receiving water body, control of 
urban runoff pollution is possibly best achieved by a combination of 
methods.
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TABLE 10.1
Urban runoff quality control measures
A .  SO U RCE  CONTROLS
1 .  L e g i s l a t i o n
-  t r a d e  w a s t e  l i c e n c e s
2 .  P l a n n i n g  c o n t r o l s
3 .  E r o s i o n  a n d  p o l l u t i o n  c o n t r o l s
-  b u f f e r  s t r i p s
-  p o r o u s  p a v in g
4 .  E d u c a t i o n
-  c l e a n  u p  c a m p a ig n s
5 . D i r e c t  r e m o v a l
-  s t r e e t  v a c u u m in g
B .  IN T E R C E P T IO N  METHODS
1 .  T r a s h  r a c k s
2 .  G r o s s  p o l l u t a n t  t r a p
3 .  S e d im e n t  t r a p
4 .  Boom s
5 . P o l l u t i o n  c o n t r o l  p o n d s
6 . A r t i f i c i a l  w e t la n d s
7 .  V e g e t a t e d  w a te rw a y s
C . R E C E IV IN G  WATER MANAGEMENT
1 .  Z o n in g  f o r  w a t e r  u s e
2 .  P h y s i c a l  o r  c h e m ic a l  t r e a t m e n t
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10.3.1 Source controls
Control of urban runoff pollution as close to source as possible is the most 
ideal method of pollution control. The basis of source control lies in 
legislation, good planning, erosion controls and education.
10.3.1.1 Legislation
The NSW Government introduced the Clean Waters Act in NSW in 1970, 
and this has effectively reduced most point source pollution. The legislation 
allowed the State Pollution Control Commission, now the Environmental 
Protection Authority, to licence discharges from industries, businesses and 
utilities to stormwater channels and other surface waters. Licences usually 
stipulate the flow and concentrations of pollutants which may be discharged. 
Discharges that cannot be treated sufficiently on site to meet licence 
requirements must discharge to the sewerage system. Discharges to the 
sewer are also licensed by the Water Board's Trade Waste Branch. Current 
legislation in NSW (Environmental Offences and Penalties Act, 1989) allows 
for high fines and clean up costs associated with any illegal discharge to 
receiving waters; again, these are point sources. However no legislation 
deals specifically with diffuse source pollution control, although discussions 
on licensing stormwater outlets, as point sources, are continuing.
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10.3.1.2 Planning
Land use and population density influence the quantity and quality of urban 
runoff reaching downstream waters. It is therefore desirable that any 
development in the catchment area be assessed in terms of its impact on 
receiving waters. These impacts should be addressed in the planning stages 
through regional and local environmental plans which have been developed 
in consultation with local communities, as now provided for under the NSW 
Environmental Planning and Assessment Act (1989). However, much of the 
development in the Botany Wetlands catchment took place before such 
procedures were applicable. Nevertheless in recent years, changes in 
approach to urban waterways has occurred. Controls on both high flow 
volumes and polluted runoff (via detention basins and retention basins 
respectively) are common in redeveloping or newly developing areas. Botany 
and Randwick Councils are currently drafting local environmental control 
plans which will be directly related to management of the Botany Wetlands 
catchment.
Retention of buffer strips, development controls in sensitive areas, the 
incorporation of detention basins in vegetated floodways and the 
minimisation of impervious surfaces should form part of this planning 
process.
Other aspects of pollution control at source which are under control of local
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councils and should be addressed include street cleaning methods, rubbish 
collection and maintenance of drainage systems. Pitt (1979) demonstrated 
that street cleaning effectiveness is related to street surface characteristics 
and accumulation rates rather than type of cleaning equipment, however 
flushing moves pollutants into receiving waters in the same way that rainfall 
does. Currently both catchment councils sweep and flush streets and have 
regular garbage collection and recycling services. Maintenance of the 
drainage system is on an "as-needed" basis.
Sydney Coastal Councils have recently developed a stormwater pollution 
code of practice for local governments (Sydney Coastal Councils 1992), 
which has been adopted by both Randwick and Botany Councils. This code 
of practice outlines the required processes for controlling stormwater 
pollution from private properties and assists local councils in developing 
specific planning policies for their areas.
10.3.1.3 Erosion controls
Erosion and sediment controls during development stages are also essential 
for source pollution control and suitable strategies should be detailed as part 
of any development application. The use of straw bales, silt fences and 
sedimentation ponds can achieve good results in minimising sedimentation 
from eroding areas. The Department of Conservation and Land Management 
have branches in urban areas which specifically address erosion control and
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management in urban environments. Erosion control strategies for site 
management need to be addressed by local Councils in the building 
application stages.
10.3.1.4 Education
Education of catchment communities in aspects of urban runoff pollution is a 
strategy which needs to be adopted if improvement in receiving water quality 
is to be achieved in the long term. Communities which are educated about 
the nature and sources of pollution, in addition to its effects, can make 
informed decisions on acceptable catchment activities and apply pressure to 
controlling authorities. Recent catchment surveys indicate that public 
awareness of urban runoff, and associated pollutants, is poor and that 
education programs should be individually designed to meet the needs of 
different ethnic groups (Canterbury Urban Runoff Task Force 1990, Water 
Board 1992).
10.3.2 Interception methods
Interception methods are a supplementary strategy to source control, and 
are particularly important in areas where diffuse sources may be the major 
contributions to water pollution.
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10.3.2.1 Trash racks
Trash racks are an arrangement of vertical or horizontal bars which are 
spaced closely together so as to trap litter being transported in stormwater 
flow, while allowing water to pass through. Trash racks are generally efficient 
at trapping significant quantities of litter; however careful consideration must 
be given to design and placement because hydraulic blocking and 
subsequent surcharging and flooding can occur (Willing and Partners 1989).
The amounts and types of litter which can be expected from a fully 
urbanised area will be dependent on land use within the catchment. Sim 
(1992) suggests that vegetation and other organic matter contribute at least 
55% of all litter caught in racks in fully urbanised areas in the Sydney 
region. Significant amounts of sediment can also be intercepted by trash 
racks (Sim and Webster 1992).
The trash rack associated with the GPT upstream of pond 6 has succeeded 
in intercepted considerable quantities of litter; however significant quantities 
of litter still enter ponds 5 and 6.
10.3.2.2 Gross pollutant traps
A gross pollutant trap (GPT) is designed to intercept and retain coarse 
sediment in addition to litter and other debris (Phillips 1991). A typical GPT
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consists of a concrete lined wet basin, trash rack and provision for cleaning. 
A GPT works on the principle of slowing water velocity sufficiently to allow 
the selected sediment sizes to settle out. As pollutants -  specifically 
nutrients, heavy metals and toxic organics -  tend to adhere to the sediment 
particles, settling out of sediments has the potential to remove these other 
pollutants.
To date no comprehensive monitoring has been undertaken for performance 
evaluation of GPTs in the Sydney region. A preliminary investigation of water 
contained in the wet basin of the Sullivan's Creek GPT in Canberra found 
only insignificant concentrations of metals; however concentrations of total 
Kjeldahl nitrogen and total phosphorus were found to average 5000 mg/L 
and 900 mg/L respectively (Whytcross et al. 1989). A recent preliminary 
evaluation of a GPT in Campsie, NSW, indicated that although significant 
quantities of sediment and litter are intercepted, along with a significant load 
of heavy metals and nutrients, there is no improvement in pollutants 
associated with dissolved or suspended loads (Sim 1992). The results of this 
study demonstrate that this remains the case well after GPT construction (in 
this instance, at least 12 months). Here, nutrients and metals were not 
reduced appreciably by the installation of the GPT. Hence, its benefits must 
be considered to be primarily aesthetic, in reducing litter and sediment. The 
trapping of coarse bedload close to the inflow is probably of little significance 
to the ecology of the Botany Wetland system.
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10.3.2.3 Sediment traps
Sediment traps are usually composed of a wet stilling basin which collects 
sediment and associated pollutants. They are usually temporary structures 
used during construction stages and can be used effectively as part of 
catchment controls during redevelopment. Dosing of sediment basins with 
flocculant is sometimes necessary to aid settlement, especially in areas with 
predominantly clay soils. The predominantly sandy soils of the Botany 
Wetlands would possibly make the use of flocculants unnecessary.
10.3.2.4 Booms
Floating booms are used to remove floating pollutants, including litter and oil 
and may be used during emergency spills. Gamtron Pty Ltd (1992b) in an 
evaluation of four pollution booms in Sydney Harbour, concluded that booms 
were a cost effective method of removing floating litter emanating from 
stormwater canals; however their performance was dependent on flow 
velocity and tidal movement. An oil absorption boom used in conjunction with 
the existing GPT could be useful in intercepting significant quantities of oil, 
which presently move right through the Botany Wetlands, although 
confirmation of surface movement would be necessary by subsurface water 
sampling.
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10.3.2.5 Pollution control ponds
Pollution control ponds are reputed to be an excellent strategy for 
intercepting pollutants before reaching receiving waters. Pollution control 
ponds and artificial wetlands work on the principles of slowing flow so that 
settling will occur and of using macrophytes to take up nutrients and filter 
other pollutants. Although little performance monitoring of pollution control 
ponds has been done in Australia, the United States Environmental 
Protection Agency (1983) quote significant reductions in pollutant loads:
* suspended solids reduced by up to 54%
* total phosphorus reduced by up to 64%
* nitrate reduced by up to 60%
* total Kjeldahl nitrogen reduced by up to 14%
Pollution control ponds have been used extensively in Canberra and serve 
two purposes, reducing the pollution load entering the Murrumbidgee River 
and as a focus for recreational activities (Phillips 1991).
Cleaning of pollution control ponds does present some problem because of 
the severe disruption to the ecology of the system. Gross pollutant traps 
constructed upstream of pollution control ponds will reduce sediment load, 
thus reducing cleaning requirements.
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Retrofitting of pollution control ponds in developed areas is often difficult 
because of required space; however in the Wetlands, it may be possible to 
use pond 6 and parts of pond 5 as water pollution control ponds.
10.3.3 Receiving water management
Receiving water management is currently limited to two techniques, physical 
or chemical treatment and zoning to reflect suitable uses. There is little 
scope for either of these techniques in the Botany Wetlands system. Unlike 
large and diverse water bodies, they are not suited to zoning as there is 
effectively a single use for the ecosystem. Physical and chemical treatment 
involves major disruption to the ecosystem, except where it is limited in 
extent and duration of disturbance as in the case of the GPT. Hence 
management of urban runoff water quality which enters the Wetlands must 
focus primarily on source control and interception techniques.
10.4 Leachate management
The negative impact of leachate from the Astrolabe Park site has been 
shown by Jankowski and Knight (1991) as being confined to pond 5 and, 
concentrated to some degree around the Birds Gully stormwater channel 
exit. Control of leachate is difficult because of the ground water influence in 
this area; however three strategies could be investigated. Water Resources 
et al. (1992) recommend two strategies including remediation of Astrolabe
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Park, by using clay curtains or bioremediation techniques, and flushing of 
pond 5 with deep uncontaminated ground waters, while Jankowski and 
Knight (1991) suggest the use of a groundwater mound between pond 5 and 
Astrolabe Park to dilute the leachate plume. All three strategies would 
require considerable investigation and resources.
The contamination of surface and groundwaters by leachate from the 
Astrolabe Park site highlights the problems of waste disposal by landfill 
methods. Although most landfill sites now in operation in Sydney do have 
stringent leachate controls in place, the siting of such operations in areas 
with significant groundwater influence can cause environmental problems 
well into the future. Thus good planning and waste minimisation are 
essential. In the Wetlands however, the problem rises from past practices 
rather than current management policies. This is likely to be the case in 
other developed urban catchments.
10.5 Nutrient management
10.5.1 Fertilizer
Fertilizer use associated with management of the surrounding golf courses is 
a potential major source of nutrients to surface waters. The fertilizing 
regimes used by both the Lakes and East Lakes golf courses need to be 
examined carefully so as to identify areas where fertilizer use can be
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minimised or changed to reduce potential risk. Areas that need to be 
addressed are drift during application, over use of fertilizers and surface 
runoff. Some of these potential risks can be minimised by the use of buffer 
zones surrounding the ponds, change in application rates and methods of 
application.
10.5.2 Internal cycling
Internal cycling of nutrients could occur due to resuspension from the 
sediments or to release from decaying vegetation.
The reduction of internal cycling of nutrients from resuspension from the 
sediments will require an extensive study to determine the factors which 
drive this process. Methods of control which may be possible include 
dredging to remove polluted sediments and prevention of release by 
changing the pH of the sediments (although this would need extensive 
investigation to prevent other pollutants such as metals from becoming more 
soluble). Periodic removal and control of excessive vegetation by manual 
removal may remove some nutrients, and high BOD levels, from the system.
10.6 Water quality management plan
Any management plan developed for the long term viability of an aquatic 
ecosystem must, by necessity, be dynamic and allow change to be
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incorporated as new technologies become available and perceptions change. 
A proposed water quality management strategy for the Botany Wetlands is 
detailed below.
1. Catchment Management Committee
A catchment management committee must be set up to oversee the 
implementation of the management plan for the Wetlands. This committee 
should be made up of representatives of local councils, relevant state 
departments and authorities, and local community representatives. Such a 
committee should set objectives for management, and coordinate and 
integrate catchment activities to achieve these objectives.
2. Water quality control ponds
It may be appropriate to modify pond 6 and possibly parts of pond 5, so that 
they act as water pollution control ponds thus protecting the downstream 
portion of the Wetlands system. Investigation of this option should be given 
high priority.
3. GPT at exit of Birds Gully SWC
Construction of a GPT at the exit of Birds Gully SWC would effectively 
reduce sediment and litter loads entering pond 5. This will extend the time 
interval between required cleaning of pond if it is used as a water pollution
control pond.
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4. Oil absorption booms
Oil absorption booms associated with the GPT upstream of pond 6 and the 
proposed GPT at Birds Gully SWC exit could reduce oil concentrations 
entering ponds 5 and 6.
5. Nutrient sources
Nutrient sources within the Wetlands need to be investigated further and 
appropriate mitigation techniques built into management plans.
6. Leachate controls
It is important to address leachate quality and mitigate its effect of water 
quality in pond 5. The options put forward by Water Resources et al. (1992) 
and Jankowski and Knight (1991) should be examined in detail and the most 
appropriate method of mitigation implemented. These options are:
1. Artifical recharge with unpolluted water of a strip of land between 
Astrolabe Park landfill and pond 5 to dilute the concentration of the leachate 
by simple mixing;
2. Remediation of Astrolabe Park by bioremediation techniques;
3. The use of clay curtains to impede the flow of leachate into the Wetlands.
7. Catchment Controls
Botany and Randwick Councils have already adopted the code of practices 
for Stormwater Management as published by Sydney Coastal Councils
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(1992). These catchment controls will need to be put into place as normal 
operating procedures when dealing with development or building 
applications. Additionally, existing premises need to be progressively 
examined for compliance.
8. Education
An education strategy needs to be developed to address pollution in urban 
runoff, potential sources and alternative strategies.
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11. CONCLUSIONS
The Botany Wetlands is an important freshwater ecosystem in the Sydney 
area and has value as a fresh water habitat for significant flora and fauna in 
addition to its value as an aesthetic, recreational, groundwater and flood 
mitigation resource. It can be concluded from this study that surface water 
quality in the Botany Wetlands does not meet acceptable criteria set by the 
NSW Environmental Protection Authority for maintenance of an aquatic 
ecosystem. There is also physical evidence of poor water quality within the 
Wetlands -  excessive weed growth, turbidity, algal blooms, sedimentation 
and litter. Thus it is reasonable to assume that water quality is a contributing 
factor to degradation of the Wetlands.
The specific objectives of this study were to;
* set up a data base of water quality parameters,
* assess spatial and temporal changes in water quality in the wetlands,
* consider effects of specific discharges, and,
* examine management options.
These objectives have been successfully achieved in this study.
A useful data base of water quality parameters has now been set up. This 
data base provides a good overview of water quality in the Wetlands, has 
allowed the identification of pollutant sources, and has characterised the 
changes in water quality spatially through the system.
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Analysis of the collected data has Identified three major causes of poor 
water quality within the Wetlands -  polluted urban runoff, leachate from the 
Astrolabe Park landfill site and a nutrient source within the Wetlands. Water 
quality entering the upper Wetlands via the major stormwater channels, and 
from the Astrolabe Park landfill site, is of very poor quality. As the water 
moves through the interconnected ponds which make up the Wetlands, 
water quality generally Improves. However It Is still below acceptable quality 
standards for maintenance of an aquatic ecosystem. The pollutants which do 
not settle out in ponds 6 and 5, tend to pass right through the system and 
into Botany Bay. The pollutants which settle out in these upper ponds are 
suspended solids, chromium, cadmium and lead; while the remainder pass 
through the Wetlands. In addition to these polluted inflows, a source of 
nutrients exists within the Wetlands themselves, possibly from internal 
recycling and/or fertilizer use in golf course management. To allow 
maintenance of successful rehabilitation and prevention of further 
degradation, these sources of pollution need to be managed.
Temporal changes in response to streamflow conditions were found to be 
insignificant in terms of pollutant concentrations. However it may be 
assumed that wet weather loads are higher than dry weather loads, although 
the absence of flow data meant that the difference in loads could not be
quantified.
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The concentrations of specific discharges indicated that sewer overflows 
were not the major source of pollutants. High nutrient concentrations were 
not generally associated with high bacterial concentrations, as would be 
expected if sewer leaks or overflows were an important source. Streambed 
disturbances during GPT construction did not cause major changes, and, 
surprisingly, the GPT itself did not improve water quality significantly in its 
first year of operation. This was attributed to the fact that pollutants 
measured were in the dissolved and suspended load, which was not 
retained by the GPT. The discharge which was found to be significant was 
the leachate plume from an old landfill site. In the short term, construction 
works near the channels and ponds can raise suspended sediment loads 
appreciably (see Figure 8.1).
On the basis of these findings, an outline of management options relevant to 
the Wetlands has been presented. Several management techniques can be 
applied which should reduce the effects of these pollutant sources on water 
quality in the Wetlands. These management techniques, which include 
planning and development controls by local councils, assessment of the 
fertilizing regime of surrounding golf courses, weed control strategies and 
leachate management, need to be applied within an overall environmental 
management framework embracing the principles of total catchment 
management and ecologically sustainable development.
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APPENDIX A
VEGETATION SPECIES 
(from Benson et at. 1985)
CYPERACEAE 
Baumea articulata 
Baumea juncea 
Baumea rubiginosa 
Eleocharis sphacelata 
Gahnia sieberana 
Isolepis nodosa 
Schoenoplectus validus 
Schoenus brevifolius 
Schoenus maschalinus
DIANELLACEAE 
Dianella revoluta
ERICAULOACEAE 
Eriocaulon scariosum
JUNCACEAE 
Juncus continuus 
Juncus ustiatus
JUNCAGINACEAE 
Triglochin procera
PHILYDRACEAE 
Philydrum lanuginosum
POACEAE 
Aristida personata 
Hemarthria uncinata 
Imperata cylindrica 
Isachne globosa 
Themeda australis
SPARGANIACAEAE 
Sparganium antipodum
TYPHACEAE 
Typha domingensis 
Typha orientalis
XYRIDACEAE 
Xyris complanata 
Xanthorrheaceae 
Aanthorrhea australis
MONOCOTYLEDONS
PTERIDIOPHYTES
DENNSTAEDTIACEAE 
Histiopteris incisa 
Pteridium esculentum
DICOTYLEDONS
APIACEAE
Hydrocotyle peduncularis
CASUARINACEAE 
Casuarina glauca
DROSERACEAE 
Drosera binata
EPACRIDACEAE 
Brachyloma daphnoides 
Leucopogon ericoides
FABACEAE 
Acacia longifolia 
Acacia suaveolens 
Bossiaea heterophylfa 
Monotoca elliptica 
Viminaria juncea
GOODENIACEAE 
Goodenia paniculata
HAEMADORACEAE 
Haemodorum planifolium
HYPERICACEAE 
Hypericum gramineum 
Hypericum japonicum
LOBELIACEAE 
Lobelia aiata
LYTHRACEAE 
Lythrum hyssopifolium
MYRTACEAE
Baeckia sp. (unidentified by P. Wilson, National Herbarium) 
Callistemon citrinus 
Kunzea ambigua
Leptospermum continentale
Leptospermum juniperinum
Leptospermum trinervium (previously attenuatum)
Melaleuca ericifolia
Melaleuca nodosa
Melaleuca quinquenervia
ONAGRACEAE
Ludwigia peploides ssp. montevidensis
POLYGONACEAE 
Persicaria decipiens 
Persicaria strigosa
PROTEACEAE 
Banksia aemula 
Banksia serrata 
Lambertia formosa 
Persoonia lanceolata
APPENDIX B
SIGNIFICANT AVIFAUNA 
(from Striker et al. 1990)
Hoary-headed Grebe. 
Australian Little Grebe. 
Australian Pelican.
Darter.
Great Cormorant.
Pied Cormorant.
Pacific Heron.
White-faced Heron.
Great Egret.
Little Egret.
Plumed Egret.
Mangrove Heron.
Rufous Night-Heron.
Little Bittern.
Australasian Bittern. 
Glossy Ibis.
Sacred Ibis.
Straw-necked Ibis.
Royal Spoonbill. 
Yellow-billed Spoonbill. 
Black Swan.
Australian Shelduck. 
Pacific Black Duck.
Grey Teal.
Blue-winged Shoveler. 
Pink-eared Duck. 
Hardhead.
Maned Duck.
Musk Duck.
Black-shouldered Kite. 
Whistling Kite.
Brown Goshawk. 
White-bellied Sea-Eagle. 
Spotted Harrier.
Swamp Harrier 
Peregrine Falcon. 
Australian Hobby.
Brown Falcon.
Australian Kestrel.
Stubble Quail.
Brown Quail.
King Quail.
Banded Rail.
Lewin's Rail.
Marsh Crake.
Australian Spotted Crake. 
Spotless Crake.
Black-tailed Native Hen.
Dusky Moorhen.
Purple Swamphen.
Swamphen sp.? probably P. edwardsii. 
Eurasian Coot.
Comb-crested Jacana.
Masked Lapwing.
Banded Lapwing.
Lesser Holden Plover.
Red-kneed Plover.
Double-banded Plover.
Red-capped Plover.
Black-fronted Plover.
Black-winged Stilt.
Greenshank.
Marsh Sandpiper.
Wood Sandpiper.
Japanese Snipe.
Sharp-tailed Sandpiper.
Pectoral Sandpiper.
Reeve.
Silver Gull.
Whiskered Tern.
White-winged Tern.
Gull-billed Tern.
Caspian Tern.
Common Tern.
Little Tern.
Crested Tern.
Horsfield's Cuckoo.
Azure Kingfisher.
Welcome Swallow.
Tree Martin.
Fairy Martin.
Eastern Yellow Robin.
Jacky-Winter.
Restless Flycatcher.
Willie-Wagtail.
Clamorous Reed-Warbler.
Little Grassbird.
Golden-headed Cistiocola.
Brown Songlark.
Superb Fairy-Wren.
Yellow-rumped Thornhill.
New Holland Honeyeater. 
White-fronted Chat.
Silvereye.
Zebra Finch.
Double-barred Finch.
Magpie-Lark. 
Australian Magpie. 
Australian Raven.
105 native species.
INTRODUCED
Spotted turtle-Dove.
Skylark.
Starling.
Common Myna. 7 introduced species.
Goldfinch.
Greenfinch.
House Sparrow.
APPENDIX C
FISH SPECIES 
(from Striker e t al. 1990)
SPECIES NAME COMMON NAME ABUNDANCE POND
Native Fish Species
Retropinna semoni Australian smelt common 4&5
Tandanus tandanus freshwater catfish common 4&5
Anguilla australis shortfinned eel rare 1
A. reinhardtii longfinned eel common Mill, 1, 
4&5
Hypseleotris galii 
Gobiomorphus
firetaii gudgeon common Mill, 4&5
australis striped gudgeon common Mill, 1
Galazias maculatus common jollytail occasional Mill
Introduced Fish Species
Gambusia affinus gambusia abundant Mill, 1,
4&5
Carassius auratus goldfish common Mill, 4&5
Cyprinus carpio carp common Mill, 4&5
APPENDIX D
SUMMARY OF DISCHARGE LICENCES
Licensee: Botany Municipal Council 
Premesis: Botany Big Splash
Cnr Jasmine and Myrtle Street 
Botany
Licence conditions: Volume not to exceed 100 Kilolitres/day during dry weather 
Free chlorine not to exceed 1.5 mg/L 
Copper sulphate not to be used in treatment process
Licensee: Kellog (Aust.) Pty Ltd 
Premesis: Cnr Swinbourne St and Stephen Rd 
Botany
Licence conditions: Volume not to exceed 1600 Kilolitres/day during dry weather 
Temperature not to exceed 40 degrees Celsius 
BOD not to exceed 5 mg/L 
Non-filterable residue not to exceed 20 mg/L 
pH not to be less than 5.5 or more than 8.5
APPENDIX E
RAW WATER QUALITY DATA
BOTANY W ETLANDS DATA
D A T E
R U N N IN G
D A T E
N o .
S IT E
TP
mq/L
N H 4
mq/L
N 0 3
mq/L
T K N
mq/L
B O D
mq/L
S S
mq/L
l
F C O L - | F . S T R E P  
C F U / 100m ! C F U / 100mI
O IL
mq/L
F E
mq/L
C D
mq/L
c u
mq/L
P B
mq/L
Z N
mq/L
C R
mq/L
Nl
mq/L
T E M P . T U R B ID IT Y
N T U
PH C O N D .
us/m
01/07/89 1 1 0.013 1.000 5.000 80 5 1Z 00 4.10 6.60 18.90
01/07/89 1 2 0.015 0.000 6.000 5 5 1Z 00. Z 40 6.90 20.80
01/07/89 1 3 0.015 1.000 ZOOO 1000 310 14.20 3.60 6.70 19.50
01/07/89 1 4 0.008 ZOOO ZOOO 60 50 11.10 Z 60 6.80 18.90
01/07/89 1 5 0.011 0.000 5.000 40 20 9.80 1.20 6.70 19.70
01/07/89 1 8 0.082 7.000 57.000 1700 10 14.00 60.00 6.50 23.10
25/1 ty89 117 1 0.090 0.360 2.040 0 0 43.00 17.40
25/1 Cy 89 117 8 0.150 0.430 2.540 0 0 ' 6Z 00 15.10
03/01/90 187 1 0.100 0.050 9.500 3.900 3.000 14.000 500 190 0.50 1.500 0.040 0.060 0.250 0.080 0.020 0.100 3.50
03/01/90 187 2 0.100 0.050 0.300 3.400 3.000 1Z 000 500 0 700.00 0.800 0.030 0.020 0.250 0.040 0.080 0.100 7.40
03/01/90 187 3 0.100 0.050 0.100 3.500 4.000 27.000 500 0 ' 80.00 0.500 0.030 0.020 0.250 0.030 0.070 0.100 3.50
03/01/90 187 4 0.100 0.050 2.100 3.800 ZOOO ZOOO 500 50 0.50 0.900 0.020 0.020 0.250 0.040 0.080 0.010 1.70
03/01/90 187 5 0.100 0.030 0.100 4.500 8.000 ZOOO 500 60 163.00 0.900 0.050 0.020 0.250 0.040 0.070 0.100 Z 20
03/01/90 187 8 0.100 0.080 18.000 4.100 28.000 30.000 500 20 0.50 1.700 0.040 0.080 0.250 0.090 0.020 0.100 6.70
08/01/90 192 1 0.100 0.100 4.500 3.800 3.000 1.000 400000 330 13Z 00 1.40
08/01/90 192 2 0.100 0.080 0.250 ZOOO 3.000 18.000 500 620 77.00 5.30
08/01/90 192 3 0.100 0.050 0.100 3.000 ZOOO 0.500 500 , 50 58.00 1.40
08/01/90 192 4 0.100 0.520 1.800 2.400 3.000 0.500 15001 790 23.00 Z 30
08/01/90 192 5 0.100 0.120 0.100 2.400 3.000 11.000 5001 490 210.00 - 1.60
08/01/90 192 8 0.100 0.090 6.900 2.800 4.000 15.000 3700 ! 3160 160.00 4.70
16/01/90 200 1 0.200 0.030 6.500 1.700 3.000 17.000 10000! 1200 53.00 Z 80
16/01/90 200 2 0.220 0.770 0.100 ZOOO 4.000 16.000 500 i 30 163.00 5.10
16/01/90 200 3 0.170 | 0.020 0.100 1.700 3.000 1.000 1000: 30 24.00
16/01/90 200 4 0.120 I1 0.030 1.900 1.700 ZOOO 1.000 1100 270 0.50 1.20
16/01/90 200 5 0.100 1 0.020 0.100 1.300 4.000 3.000 500 240 170.00 1.40
16/01/90 200 8 0.260 0.030 6.300 Z 900 4.000 11.000 3000 2000 63.00 6.90
24/01/90 208 1 0.350 0.150 8.200 Z 100 4.000 0.500 500 70 127.00 0.400 0.010 0.020 0.250 0.050 0.070 0.100 1.50
24/01/90 208 2 0.320 0.060 0.300 1.800 Z 900 6.000 500 0 0.50 0.800 0.030 0.020 0.250 0.040 0.050 0.100 4.10
24/01/90 208 3 0.170 0.030 0.100 Z 50Q 3.300 4.000 500 20 0.50 0.700 0.050 0.050 0.250 0.070 0.080 0.100 1.20
24/01/90 208 4 0.660 0.100 2.500 Z 300 Z 500 3.000 500 100 0.50 0.900 0.030 0.020 0.020 0.040 0.070 0.100 1.60
24/01/90 208 5 0.370 0.030 0.400 1.600* Z 700 1.000 500 40 20.00 0.900 0.020 0.020 0.250 0.040 0.070 0.100 Z 20
24/01/90 208 8 0.240 12.400 Z 800 4.600 0.500 2000 0 0.50 1.000 0.030 0.050 0.250 0.090 0.080 0.100 3.20
01/02*90 216 1 0.200 0.120 6.190 1.900 8.000 13.000 50 6Z 00 6.00 2Z 00
01/02*90 216 2 0.300 0.050 0.110 1.800 Z 900 11.000 50 10 10Z 00 3.00 20.00
01/0290 216 3 0.300 0.090 0.100 1.700 Z 600 6.000 50 0 81.00 1.00 21.00
01/02*90 216 4 0.300 0.110 2.020 1.400 ZOOO 5.000 400 140 78.00 3.00 30.00
01/02*90 216 5 0.200 0.040 0.100 10.900 3.100 10.000 50 330 88.00 ZOO 2Z 00
01/02*90 216 8 0.400 0.130 6.390 3.700 30.000 59.00 7.00 3Z 00
05/02*90 220 1 0.100 0.200 1.700 1.700 1.900 87.000 150 0 59.00 0.500 0.040 0.020 0.300 0.100 0.060 0.100 2Z 10 ’ 11.00 6.53 9.00
05/02*90 220 2 0.200 0.100 1.300 1.800 0.800 75.000 50 0 70.00 0.400 0.020 0.020 0.200 0.100 0.020 0.100 2Z 30 6.00 6.59 9.00
05/02*90 220 3 0.200 0.100 1.500 2.200 0.700 74.000 50 0 1.00 0.300 0.020 0.020 0.200 0.100 0.070 0.100 23.40 5.00 6.59 8.00
05/02*90 220 4 0.200 0.100 0.200 Z 4Q0 1.300 70.000 50 0 7.00 0.200 0.030 0.020 0.200 0.100 0.070 0.100 2Z 40 5.00 6.27 8.00
05/02*90 220 5 0.200 0.100 1.100 1.900 1.200 68.000 50 10 ZOO 0.300 0.030 0.020 0.200 0.100 0.060 0.150 21.60 4.00 6.53 9.00
05/02*90 220 8 0.300 0.800 26.400 2.500 3.500 169.000 1600 10 3.00 3.900 0.010 0.020 0.200 0.200 0.100 0.100 23.00 86.00 7.14 4Z 00
07/02*90 222. 1 0.200 0.100 1.300 Z 500 3.600 90.000 400 12 3.00 21.40 13.00 6.63 9.00
07/02*90 222 2 0.300 0.100 1.200 1.900 1.300 101.000 660 24 3.00 20.90 2Z 00 6.71 9.00
07/02*90 222 8 0.200 0.200 2.300 2.100 1.300 8Z 000 500 33 5.00 21.40 11.00 6.92 10.00
11/02*90 226 1 0.200 0.200 5.900 3.200 5.000 70.000 1600 10 0.50 0.700 0.040 0.100 0.200 0.100 0.100 0.100 3.00
11/02*90 226 2 0.200 0.200 2.700 1.700 5.000 10.000 500 10 4.00 0.800 0.040 0.020 0.200 0.100 0.020 0.100 3.00
11/02*90 226 3 0.100 0.200 1.600 1.800 5.000 1.000 500 0 4.00 0.500 0.020 0.020 0.300 0.100 0.100 0.100 3.00
11/02*90 226 4 0.100 0.100 1.700 ZOOO 5.000 6.000 600 10 8.00 0.500 0.010 0.020 0.200 0.100 0.100 0.100 .ZOO
11/02*90 226 5 0.200 0.025 1.500 1.900 5.000 0.500 500 80 1.00 0.400 0.040 0.020 0.300 0.100 0.100 0.100 ZOO
11/02*90 226 8 0.300 1.200 32.500 6.900 60.000 25.000 500 60 ZOO 5.300 0.020 0.100 0.200 0.200 0.100 0.100 18.00
15/02*90 230 1 0.200 0.040 5.100 ZOOO ZOOO 15.000 50 0 5.00 3.00 15.00
15/02*90 230 2 0.800 0.080 3.600 ZOOO 4.000 20.000 50 0 5.00 ZOO 14.00
15/02*90 230 4 0.200 0.040 2.100 ZOOO ZOOO 10.000 50 5.00 ZOO 14.00
15/02*90 230 5 0.300 0.040 1.200 1.000 1.000 6.000 50 ; 5.00 ZOO 16.00
21/02*90 236 1 0.300 0.200 6.300 2.300 2.000 Z 500 5 0 0 ) 5.00 0.800 0.020 0.020 0.150 0.050 0.200 0.100 25.70 ZOO 6.65 20.00
BO TANY W ETLANDS DATA
D A T E
R U N N IN G
D A T E
N o .
S IT E
T P
m o l
N H 4
ma/L
N 0 3
ma/L
T K N
ma/L
B O D
ma/L
S S
ma/L
F C O L
C F U / 100mI
F .S T R E P  
C F U / 100ml
O IL
ma/L
F E
mq/L
C D
ma/L
c u
ma/L
P B
ma/L
Z N
ma/L
C R  j N l
!
ma/L  ■ ma/L
T E M P . T U R B ID IT Y
NTU
PH C O N D .
us/m
21/0290 236 3 0.200 0.100 2700 2 10 0 2600 5.000
21/0290 236 4 0.200 0.100 2400 2 20 0 1.400 15.000 1000 250 0.700 0.020 0.020 0.150 0.050 0.100 0.100 28.10 1.00 6.61 18.00
21/0290 236 5 0.100 0.100 1.100 2 50 0 0.900 2 5 0 0 500 250 0.600 0.020 0.020 0.150 0.050 0.150 0.020 25.40 1.00 6.65 19.00
21/0290 236 8 0.200 1.100 29.000 7.600 47.000 10.000 500 250 4.800 0.020 0.050 0.200 0.200 0.100 0.020 26.00 9.00 6.72 39.00
27/0290 242 1 0.400 0.300 6.100 220 0 3.600 2 5 0 0 500 43 250 0.800 0.020 0.050 0.100 0.050 0.150 0.050 23.10 1.00 6.85 21.00
27/0290 242 2 0.200 0.100 0.900 2 400 3.000 5.000 500 5 250 1.100 0.020 0.020 0.100 0.050 0.150 0.050 25.30 3.00 6.90 15.00
27/0290 242 3 1.300 0.100 2600 2 10 0 2400 2 50 0 500 5 250 0.500 0.020 0.020 0.100 0.050 0.150 0.020 24.20 1.00 7.14 20.00
27/0290 242 4 1.300 0.100 1.800 1.700 9.600 2 50 0 500 12 250 0.900 0.020 0.020 . 0.100 0.050 0.010 0.050 23.20 1.00 6.85 20.00
27/0290 242 5 1.300 0.100 2700 1.500 6.600 10.000 2000 19 250 0.600 0.020 0.050 0.020 0.020 0.100 0.050 2260 1.00 6.85 20.00
27/0290 242 8 0.300 1.200 30.000 7.900 26.000 20.000 5000 100 250 7.100 0.020 0.100 0.100 0.250 0.100 0.050 24.60 16.00 7.00 39.00
07/0290 250 2 0.350 0.250 1.100 3.100 4.000 5.000 8000 60 • 250 1.050 0.020 0.020 0.100 . 0.050 0.150 0.100 18.60 4.00 7.15 17.00
07 /0290 250 3 0.300 0.250 1.900 2 10 0 630.000 5.000 2000 250 2100 0.020 0.020 0.020 0.050 0.050 0.020 20.30 4.00 6.92 2200
07/0290 250 8 0.300 0.150 1.500 210 0 4.000 30.000 0 10.00 0.750 0.030 0.050 0.150 0.200 0.100 0.050 18.10 19.00 6.82 10.00
07/0290 • 250 1 0.350 0.250 1.100 1.900 16.000 30.0 0 0 : 0 250 1.500 0.020 0.020 0.200 0.250 0.150 0.020 19.80 14.00 6.64 17.00
07 /0290 250 1 0.350 0.150 1.700 1.700 3.000 50.000 0 250 1.050 0.020 0.020 0.100 0.200 0.100 0.020 18.20 16.00 6.82 14.00
14/0290 257 1 0.350 0.250 8.000 2 10 0 11.000 20.000
14/0290 257 2 0.250 0.200 2100 3.900 5.400 10.000
14/0290 257 3 0.200 0.100 2.000 2200 0.800 2 50 0 500 250 19.50 1.40 7.59 20.00
14/0290 257 4 0.300 0.100 2200 1.900 9.500 2.500 500 48 250 20.10 1.00 7.01 20.00
14/0290 257 5 0.350 0.025 1.100 2.700 7.400 2.500 500 12 250 19.50 1.60 7.02 23.00
14/0290 257 8 0.300 0.650 11.200 2 900 17.400 35.000 500 100 250 21.20 8.50 6.98 3200
04/04/90 278 1 0.250 0.060 1.500 2 680 1.800 35.000 7300 250 1.300 0.010 0.020 0.030 0.130 0.050 0.020 21.00 4.00 7.12 11.00
, 04/04/90 278 2 0.250 0.060 1.300 2 870 0.900 25.0001 5200 5.00 1.000 0.010 0.020 0.020 0.110 0.170 0.050 20.30 4.00 7.20 10.00
04/04^90 278 3 0.250 0.025 3.600 2650 2 200 2 5 0 0 500 250 0.700 0.010 0.020 0 .0*10 0.040 0.080 0.060 20.90 200 7.07 15.00
04 /04/90 278 8 0.250 0.070 3.500 3.460 230 0 55.000 0 6.00 1.700 0.010 0.050 0.180 0.190 0.100 0.020 20.90 6.00 7.48 10.00
05 /04/90 279 1 0.250 0.060 8.700 2 480 1.600 10.000 0 150 9.00 0.900 0.010 0.020 0.020 0.100 0.020 0.050 21.60 3.50 7.23 10.00
05 / 04/90 279 2 0.250 0.060 1.800 3.290 1.800 10.000 500 68 250 0.800 0.010 0.010 0.020 0.100 0.070 0.090 20.80 2 70 7.38 10.00
05/04790 279 3 0.250 0.025 0.600 2660 1.700 2 500
05/04/90 279 4 0.250 0.025 0.900 2.820 1.300 2 5 0 0 500 50 8.00 0.400 0.010 0.020 0.040 0.050 0.130 0.020 20.90 2 40 7.15 13.00
05 /04/90 279 5 0.250 0.025 1.100 2790 1.200 2.500 500 52 250 0.400 0.010 0.020 0.050 0.060 0.080 0.070 21.00 250 7.17 13.00
05/04/90 279 8 0.250 0.025 0.700 10.000 1.700 5.000 0 250 0.600 0.010 0.020 0.030 0.140 0.060 0.110 2220 4.30 7.51 6.00
05 /04'90 279 9 0.500 0.025 11.000 3.810 2000 5.000 1000 300 10.00 0.600 0.010 0.050 0.080 0.180 0.060 0.060 2230 4.20 7.80 8.00
20/04/90 294 1 0.250 0.250 1.000 1.800 1.000 25.000 9300 1 7.00 0.850 0.020 0.020 0.020 0.100 0.200 0.100 19.90 3.20 7.23 14.00
20/04/90 294 2 0.150 0.250 1.000 2500 1.000 20.000 1000 250 1.000 0.020 0.020 0.050 0.100 0.300 0.100 19.80 4.40 7.32 9.00
20/04/90 294 3 0.200 0.150 2000 1.700 1.000 5.000
20/04/90 294 4 0.200 2000 0.200 1.100 1.000 2 50 0 9000 250 0.450 0.010 0.020 0.020 0.050 0.150 0.100 19.40 1.90 7.17 11.00
20/04/90 294 5 0.300 2.000 0.200 1.000 1.000 2 50 0 2000 250 0.350 0.020 0.020 0.020 0.050 0.150 0.100 19.50 1.80 7.20 1200
20/04'90 294 8 0.250 2.000 2.000 2.000 2000 2 50 0 500 60 250 0.800 0.020 0.020 0.020 0.150 0.100 0.020 20.00 4.10 7.40 8.00
20/04'90 294 9 0.200 0.150 1.000 3.400 1.000 20.000 0 5.00 0.450 0.010 0.050 0.050 0.200 0.200 0.100 19.90 3.60 7.53 7.00
27/04'90 301 1 0.050 0.500 5.000 1.600 1.600 2.500 500 8 250 18.30 230 7.41 19.00
27/04'90 301 2 0.300 0.450 2.000 2600 2.600 2.500 500 2 5.00 16.40 220 7.91 17.00
27/04'90 301 3 0.200 0.200 8.000 1.300 1.300 2.500 500 3 5.00 17.40 250 7.33 20.00
27/04/90 301 4 0.050 0.150 5.000 1.500 1.000 2.500 500 2 5.00 17.30 1.80 7.35 20.00
27/04/90 301 5 0.100 0.150 3.000 1.100 1.000 2.500 500 6 250 16.60 1.80 7.50 2200
27/ 04/90 301 8 0.050 24.000 13.000 9.900 2000 10.000 500 22 5.00 18.70 15.00 7.58 51.00
27/04/90 301 9 0.200 0.150 22.000 2.400 1.500 10.000 1000 11 5.00 19.20 3.40 8.06 31.00
17/0290 - 321 1 0.400 0.025 6.600 0.025 1.000 2 50 0 4000 76 5.00 1.000 0.010 0.020 0.100 0.100 0.020 0.100 19.50 1.70 7.43 21.00
17/0290 321 2 0.500 0.025 6.400 2 950 0.500 2.500 310 5.00 0.300 0.010 0.020 0.050 0.100 0.020 0.050 19.10 1.40 7.28 17.00
17/0290 321 3 0.400 0.200 3.200 0.350 3.000 2 50 0 520 250 1.000 0.010 0.020 0.050 0.100 0.020 0.100 18.00 1.60 7.30 23.00
17/0290 321 4 0.200 0.050 3.400 0.025 0.500 2 5 0 0 170 9 5.00 0.250 0.010 0.020 0.050 0.100 0.020 0.100 18.30 1.40 7.38 21.00
17/0290 321 5 0.300 0.025 2000 0.025 0.500 2 50 0 970 50 250 0.350 0.010 0.020 0.020 0.100 0.020 0.300 17.70 1.40 7.74 23.00
17/0290 321 8 0.300 13.100 10.000 10.800 3.000 10.000 2100 18 4.50 0.010 0.020 0.020 0.100 0.100 0.020 0.050 19.60 5.80 7.60 49.00
17/0290 321 9 0.500 0.025 22.000 0.050 2500 5.000 4000 135 5.00 0.700 0.010 0.150 0.100 0.150 0.050 0.150 19.80 5.50 8.20 33.00
17/0290 321 1 0.400 0.350 6.800 0.050 1.500 2 50 0
17/0290 321 ? 0.500 0.100 1.400 1.350 1.500 8.000 330 6.00 0.900 0.010 0.020 0.100 0.020 0.020 0.150 18.80 1.70 7.52 17.00
17/0290 321 3 0.500 0.025 8.000 0.025 4.000 2 5 0 0 93 250 0.550 0.010 0.020 0.050 0.100 0.020 0.200 17.90 1.60 7.60 24.00
17/0290 321 4 0.400 0.025 3.400 0.025 0.500 2 50 0 340 20 5.00 0.300 0.010 0.020 0.020 0.100 0.020 0.250 18.50 1.40 7.42 21.00
17/0290 321 5 0.400 0 .C25 1.600 0.025 3.000 2 5 0 0 230 9 6.00 0.250 0.010 0.020 0.020 0.100 0.020 0.250 18.20 1.30 7.50 2290
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17/05« ) 321 9 0.300 0.025 23.000 0.025 1.000 5.000 0 56 5.00 0.300 0.010 0.050 0.050 0.150 0.050 0.200 20.10 3.40 8.21 28.00
21/05« ) 325 1 0.300 0.400 3.800 0.025 7.500 10.000 0 250 0.700 0.010 0.020 0.020 0.100 0.020 0.020 16.80 3.50 7.53 20.50
21/05« } 325 2 0.500 0.300 1.900 0.025 7.500 25.000 9000 320 250 0.850 0.010 0.020 0.050 0.100 0.020 0.020 15.40 9.40 7.43 11.80
21/05« ) 325 3 0.100 0.050 7.600 0.250 8.600 2500 500 5 250 0.350 0.010 0.020 0.050 0.100 0.020 0.020 15.30 1.80 7.80 2230
21/05« ! 325 4 0.200 0.050 5.900 0.450 2.500 10.000 1000 41 250 0.250 0.010 0.020 0.020 0.150 0.020 0.020 15.90 1.50 7.45 2290
21/05« } 325 5 0.300 0.025 3.400 0.450 6.500 5.000 1000 85 250 0.150 0.010 0.020 0.050 0.020 0.020 0.020 14.80 106.00 7.57 2230
21/05« } 325 8 0.200 8.100 10.800 6.200 9.500 25.000 0 280 5.60 0.010 0.020 0.020 0.200 0.200 0.020 0.020 16.70 13.00 7.72 4260
21/05« } 325 9 0.300 0.500 18.300 0.200 9.500 230.000 0 270 1200 2050 0.010 0.100 0.100 0.400 0.050 ---------- 0 .TJ50 17.20 180.00 8.42 33.00
16/08« ) 412 1 0.300 0.400 7.000 0.850 6.00 0.900 0.002 0.010 0.020 0.050 0.020 0.020 7.20 8.00
16/08« ) 412 2 0.700 0.200 2.600 0.150 56 1 250 0.850 0.002 0.005 0.020 0.070 0.020 0.020 3.60 6.00
16/08« } 412 3 0.300 0.200 6.300 0.150 12 250 0.750 0.002 0.005 0.020 0.030 0.020 0.020 6.40 8.00
16/08« } 412 4 0.300 0.050 4.400 0.025 38 2 250 0.200 0.002 0.005 0.020 0.050 0.020 0.020 1.80 7.00
16/08« ) 412 5 0.300 0.025 2.600 0.025 58 2 250 0.100 0.002 0.005 0.020 0.030 0.020 0.020 1.70 7.00
16/08/90 412 8 0.500 12.200 10.900 9.500 40 250 6.750 0.002 0.020 0.020 0.090 0.020 0.020 24.00 21.00
16/08« ) 412 9 0.200 ’ 0.025 18.400 0.025 47 250 0.450 0.002 0.040 0.020 0.130 0.020 0.020 4.40 11.00
14/09« ) 441 1 0.700 0.050 6.100 0.025 50 50 5.00 16.70 3.20 7.20 11.00
14/09« ) 441 2 0.200 0.050 3.200 0.025 50 50 250 15.50 1.30 7.05 8.00
14/09« ) 441 3 0.400 0.050 4.600 0.025 50 50 250 16.00 1.40 7.00 8.00
14/09« ) 441 4 0.600 0.100 3.600 1.150 50 50 . 250 15.50 1.30 6.90 9.00
14/09« ) 441 5 0.600 0.025 2.100 0.025 50 50 250 15.40 1.10 6.95 8.00
14/09« ) 441 8 1.200 2.800 3.400 3.000 50 50 250 16.00 7.50 6.80 11.00
14/09« ) 441 9 0.600 0.100 3.900 0.350 50 50 250 16.00 4.70 7.10 8.00
10/ 10« ) 467 1 0.200 0.200 3.900 3.100 2500 2500 3000 50 10.00 0.450 0.002 0.020 0.020 0.020 0 .Ô2Ô1 0.020 20.00 250 6.80 18.00
10/ 10« ) 467 2 0.200 0.100 0.900 1.450 2500 2500 0 50 . 10.00 0.700 0.002 0.020 0.020 0.020 0.020 0.020 21.00 4.50 6.80' 11.00
10/10« ) 467 3 0.250 0.050 2.400 2.600 2500 2500 880 50 5.00 0.250 0.002 0.020 0.020 0.020 0.020 0.020 20.50 220 7.50 16.00
10/10« ) 467 4 0.050 0.025 2.200 10.300 2500 2500 1000 50 5.00 0.150 0.002 0.020 0.020 0.020 0.020 0.020 19.40 1.80 6.90 17.00
10/10« ) 467 5 0.050 0.025 1.100 0.300 2500 2500 1000 50 250 0.100 0.002 0.020 0.020 0.050 0.020 0.020 19.20 1.80 7.00 18.00
10/10« ) 467 8 1.000 7.900 8.100 8.600 2500 2500 0 200 250 4.550 0.002 0.020 0.020 0.150 0.020 0.020 19.50 15.00 7.00 44.00
10/10/90 467 9 0.150 0.100 16.400 8.400 2500 2500 0 200 250 0.300 0.002 0.020 0.020 0.100 0.020 0.020 18.20 280 7.75 39.00
12/11/90 500 1 0.200 0.100 5.400 1.700 2500 20.000 0 2100 10.00 19.60 200 , 6.62 21.00
12/11/90 500 2 0.300 0.150 0.600 3.350 2500 2500 1000 0 10.00 19.90 3.3Q *5.57 24.00
12/11/90 500 3 0.500 0.050 1.200 0.350 2.500 5.000 500 0 5.00 20.30 1.60 7.27 21.00
12/11/90 500 4 0.300 0.025 2.000 1.450 2500 15.000 1000 700 5.00 19.10 270 6.41 2200
12/11/90 500 5 0.200 0.050 0.100 1.350 2.500 2500 1000 50 10.00 18.40 1.70 6.80 24.00
12/11/90 500 8 0.200 5.100 4.000 5.700 2500 45.000 1000 74 2.50 20.00 8.30 6.80 39.00
12/11/90 500 9 0.200 0.200 11.000 1.000 2500 2500 0 5.00 19.50 3.00 7.53 29.00
04/12« ) 522 1 0.400 0.100 1.500 0.900 2500 40.000 500 300 250 1.000 0.005 0.010 0.020 0.060 0.020 0.020 1.00 6.60 15.00
04/12/90 522 2 0.500 0.150 1.400 0.350 2500 60.000 50 70 250 1.200 0.005 0.010 | 0.020 0.060 0.020 0.020 1.20 6.40 6.00
04/12« ) 522 3 0.150 0.200 0.900 1.500 2500 5.000 200 10 250 0.600 0.005 0.010 0.020 0.010 0.020 0.020 1.00 6.40 22.00
04/12/90 522 4 0.200 0.200 2.800 0.900 2500 25.000 0 10 2.50 0.500 0.005 0.010 0.020 0.040 0.020 0.020 1.10 6.40 8.00
04/12« ) 522 5 1.100 0.050 0.300 0.350 2500 225.000 8400 250 4.100 0.005 0.010 0.020 0.100 0.020 0.020 1.10 6.60 21.00
04/12/90 522 8 0.450 0.450 5.600 4.200 2500 10.000 100 27 250 0.650 0.005 0.040 0.020 0.150 0.020 0.020 1.50 6.70 13.00
04/ 12« ) 522 9 0.500 0.100 4.600 1.500 2500 10.000 100 36 250 0.750 0.005 0.060 0.020 0.190 0.020 0.020 2 .401 6.90 1200
18/01/91 567 1 0.025 0.450 8.400 1.200 2500 2.500 900 40 10.00 21.40 1.40 6.90 21.00
18/01/91 567 2 0.025 0.300 0.200 1.200 2500 2500 50 10 10.00 22.30 1.30 6.90 22.00
18/01/91 567 3 0.025 0.300 0.200 0.500 2500 2.500 50 5 250 23.30 ! 1.40 7.30 21.00
18/01/91- 567 4 0.025 0.250 1.900 0.250 2500 2500 5 0 1 5 250 20 .6 0 ' 1.60 6.60 20.00
18/01/91 567 5 0.150 0.300 1.300 0.550 2500 135.000 700 j 40 5.00 22.70 3.40 6.90 24.00
18/01/91 567 8 0.025 0.350 17.500 0.300 | 2500 2500 2000 ! 10.00 1 22.20 2.20 7.00 31.00
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18/01/91 567 9 0.025 0.300 10.500 0.250 2.500 5.000 50 12 250 24.30 240 7.20 27.00
07/0291 587 1 0.025 1.100 6.200 3.100 2.500 Z 500 680 140 5.00 0.550 0.002 0.020 0.020 0.020 0.020 0.020 2210 290 7.10 23.00
07/0291 587 2 0.025 0.750 0.100 1.050 2.500 Z 500 880 60 5.00 0.450 0.002 0.020 0.020 0.010 0.020 0.020 24.80 200 7.20 17.00
07/0291 587 3 0.025 0.550 0.100 1.400 2.500 Z 500 8400 140 250 0.650 0.002 0.020 0.020 0.010 0.020 0.020 24.50 3.60 6.88 18.00
07/0291 587 4 0.050 0.700 1.500 0.900 2.500 Z 500 7200 40 250 0.950 0.002 0.020 0.020 0.030 0.020 0.020 21.60 3.20 6.29 23.00
07/0291 587 5 0.050 0.600 1.200 1.950 2.500 265.000 100 270 5.00 11.500 0.002 0.020 0.020 0.090 0.020 0.020 23.50 24.00 6.67 25.00
07/0291 587 8 0.025 0.900 10.500 2.800 2.500 65.000 1110 250 2200 0.002 0.020 0.020 0.200 0.020 0.020 23.00 15.00 6.80 31.00
07/0291 587 9 0.050 0.450 7.300 1.500 2.500 Z 500 2600 290 250 0.200 0.002 0.020 0.020 0.070 0.020 0.020 24.80 280 23.00
12/0291 620 1 0.050 0.400 6.000 1.500 2.500 Z 500 10.00 21.00 250 7.40 21.00
12/0291 620 2 0.200 0.100 0.300 1.340 2.500 Z 500 50 10 20.00 20.50 270 7.00 17.00
12/0291 620 3 2.500 50 5 21.50 21.00
12/0291 620 4 0.100 0.400 2.100 0.250 2.500 10.000 930 72 20.00 19.60 250 7.00 21.00
12/0291 620 5 3.100 2.500 5.400 0.720 14.000 745.000 50 2 15.00 20.10 18.00 6.90 27.00
12/0291 620 8 0.200 0.200 11.800 1.040 7.000 40.000 77 250 2200 6.40 7.10 25.00
12/0291 620 9 0.100 1.500 1.800 2.080 13.000 5.000 3000 30.00 2200 4.30 7.50 38.00
10/0291 679 1 0.025 0.230 6.300 0.480 2 50 0 Z 500 2 300 15.00 16.80 4.00 6.60 23.00
10/0291 679 2 0.025 0.150 0.100 0.005 2.500 Z 500 100 70 15.00 15.00 4.00 6.90 2200
10/0291 679 3 0.025 0.200 0.400 2.140 2.500 2.500 240 20 20.00 15.80 3.00 7.00 23.00
10/0291 679 4 0.025 0.250 1.300 0.210 2.500 2.500 300 50 5.00 17.20 8.00 6.40 ' 23.00
10/0291 679 5 0.025 0.300 0.300 0.005 250 0 Z 500 205 230 10.00 15.80 3.00 6.60 23.00
10/0291 679 8 0.025 1.400 3.000 0.200 9.000 2.500 170 900 15.00 17.00 6.00 7.00 27.00
10/0291 679 9 0.025 0.300 6.100 2.050 Z 500 Z 500 3 310 10.00 18.00 3.00 7.30 26.00
16/07/91 746 1 0.025 0.390 0.880 0.890 4.000 5.000 280 80 9.00 0.555 0.002 0.005 0.002 0.035 0.002 0.005 16.00 19.52
16/07/91 746 2 0.040 0.620 1.200 1.090 1.000 17.000 88 30 6.00 1.470 0.002 0.005 0.015 0.060 0.005 0.002 15.00 19.42
16/07/91 746 3 0.035 0.330 0.900 0.760 6.000 8.000 2200 130 6.00 0.940 0.002 0.005 0.015 0.060 0.002 0.005 14.00 18.11
16/07/91 746 4 0.015 0.130 0.930 0.500 6.000 5.000 230 50 8.00 0.480 0.002 0.005 0.002 0.040 0.005 0.002 13.00 18.41
16/07/91 746 5 0.015 0.080 0.670 0.420 3.000 4.000 175 16 10.00 0.380 0.002 0.005 0.005 0.050 0.002 0.005 13.00 19.35
30/0291 791 1 0.030 0.310 1.570 0.910 2.000 6.000 8000 2000 200 0.500 0.002 0.007 0.002 0.025 0.002 0.002 15.60 270 7.03 21.50
30/0291 791 2 0.070 0.110 1.380 1.000 8.000 26.000 40 10 3.00 1.730 0.002 0.013 0.060 0.050 0.002 0.002 15.00 33.00 J .03 24.10
30/0291 791 3 0.039 0.390 1.240 1.220 4.000 11.000 10 5 4.00 0.580 0.002 0.005 0.002 0.030 0.002 0.002 13.80 5.50 7.03 2270
30/0291 791 4 0.014 0.350 0.720 1.060 2.000 10.000 5 10 0.630 0.002 0.007 0.015 0.015 0.002 0.002 14.60 5.00 7.03 2200
30/0291 791 5 0.025 0.050 0.070 0.640 5.000 2.000 140 10 4.00 0.460 0.002 0.040 0.005 0.050 0.002 0.002 1260 4.70 7.04 23.30
10/0291 802 2 0.062 0.200 1.300 0.910 1.000 24.000 300 10 5.00 0.870 0.002 0.008 0.030 0.006 0.007 0.005 18.00 24.70
10/0291 802 3 0.076 0.560 1.180 1.470 6.000 11.000 10 5 8.00 0.620 0.002 0.006 0.015 0.002 0.007 0.005 4.20 23.90
10/0291 802 4 0.012 0.190 0.650 0.690 3.000 10.000 3 8 0 1 5 6.00 0.730 0.002 0.002 0.005 0.017 0.007 0.002 16.00 230 6.86 2240
10/0291 802 5 0.023 0.100 0.070 0.700 5.000 1.000 1201 110 5.00 0.560 0.002 0.005 0.002 0.002 0.013 0.008 15.60 270 7.47 23.20
15/1291 837 1 0.038 0.370 1.090 1.670 ZOOO 4.000 1000 I 700 1.00 0.240 0.002 0.016 0.002 0.030 0.001 0.005 20.90 260 4.78 21.00
15/1291 837 2 0.056 0.380 0.570 1.190 4.000 10.000 40 j 40 200 0.560 0.002 0.005 0.002 0.002 0.001 0.002 2230 7.50 5.95 23.00
15/1291 837 j 3 0.063 0.220 0.650 0.930 5.000 8.000 1 40 1 10 200 0.410 0.002 0.002 0.002 0.002 0.001 0.002 ! 2270 7.00 6.16 2200
BOTANY WETLANDS DATA
D A T E
R U N N IN G
D A T E
N o .
S IT E
T P
ma/L
N H 4
ma/L
N 0 3
ma/L
T K N
ma/L
B O D
ma/L
S S
ma/L
F C O L
C F U / 100ml
F .ST R E P  
C F U /100ml
O IL
ma/L
F E
ma/L
C D
ma/L
c u
ma/L
PB
ma/L
ZN
ma/L
C R  Nl
ma/L ma/L
T E M P . T U RB ID ITY
NTU
P H C O N D .
us/m
15/1(791 837 4 0.011 0.160 0.500 0.470 2000 5.000 1000 50 3.00 0.720 0.002 0.006 0.009 0.025 0.001 0.005 21.80 3.30
5.76 2Z 00
15/1(791 837 5 0.022 0.130 0.005 0.610 9.000 N D ZOO 0.002 0.002 0.002 0.002 0.001 0.002 24.70 0.80 6.35
20.00
?9/11/91 875 1 0.072 0.060 1.430 1.300 3.000 1.000 0 670 1.00 0.250 0.002 0.018 0.002 0.033 0.001 0.002 370 10.50
22/11/91 875 2 0.062 0.100 0.600 0.930 1.000 14.000 200 90 1.00 1.020 0.002 0.010 0.032 0.022 0.001 0.002 15.00
10.40
oo/i 1/91 875 3 0.078 0.040 0.090 1.500 4.000 13.000 70 20 3.00 1.000 0.002 0.008 0.027 0.052 0.001 0.002 14.00 9.10
22/11/91 875 4 0.021 0.140 0.450 0.730 1.000 ZOOO 130 250 ZOO 1.200 0.002 0.002 0.013 0.032 0.001 0.002 3.00
9.50
22/11/91 875 5 0.030 0.070 0.020 0.950 1.000 4.000 3.00 0.610 0.002 0.002 0.009 0.021 0.001 0.002 4.90 11.20
10/ 1Z 91 893 1 0.160 0.250 0.660 1.270 5.000 35.000 0 0 8.00 1.430 0.002 0.050 0.110 0.150 0.001 0.002 15.60
1 ZOO
10/ 1Z 91 893 2 0.083 0.220 0.100 1.210 1.000 N R 170 120 3.00 0.670 0.002 0.002 0.014 0.002 0.001 0.002 10.50
26.00
10/1Z 91 893 3 0.068 0.160 0.810 0.800 ZOOO 20.000 8000 2000 6.00 0.660 0.002 0.010 0.024 0.002 0.001 0.002 13.50
23.00
10/12'91 893 4 0.058 0.070 0.090 0.040 3.000 11.000 0.002 0.090 0.027 0.010 0.001 0.002 15.60
16.00
10/1Z 91 893 5 0.018 0.010 0.005 0.370 1.000 10.000 660 230 1.00 0.440 0.002 0.002 0.002 0.002 0.001 0.002 3.20
2ZOO
22/01/92 936 1 0.042 0.280 1.220 1.270 4.000 5.000 0 850 3.00 0.420 0.002 0.011 0.013 0.002 0.007 0.002 3.60
20.80
22/01/92 936 2 0.110 0.280 0.350 1.450 6.000 24.000 2600 50 4.00 0.940 0.002 0.009 0.038 0.002 0.003 0.002 22.00 20.80
22/01/92 936 3 0.078 0.020 0.030 1.050 5.000 15.000 10 10 3.00 0.640 0.002 0.005 0.018 0.002 0.002 0.002 17.00
16.10
22/01/92 936 4 0.025 0.270 0.580 0.920 5.000 8.000 320 80 ZOO 1.350 0.002 0.001 0.007 0.002 0.001 0.002 9.00
20.30
22/01/92 936 5 0.027 0.230 0.030 1.230 ZOOO ZOOO 420 150 3.00 0.580 0.002 0.025 0.007 0.002 0.001 0.002 Z 90
21.10
18/0292 963 1 0.200 0.480 0.840 3.000 9.000 10.000 0 0 5.00 0.820 0.002 0.021 0.010 0.040 0.001 0.002
8.90 6.90
18/0292 963 2 0.055 0.190 0.390 1.290 3.000 8.000 370 50 1.00 0.820 0.002 0.015 0.017 0.040 0.001 0.002
7.90 7.50
18/0292 963 3 0.063 0.440 0.740 1.290 1.000 3.000 2000 150 1.00 0.870 0.002 0.009 0.008 0.010 0.001 0.002
8.70 6.80
18/0292 963 4 0 029 0.060 0.370 0.440 1.000 1.000 230 60 1.00 1.040 0.002 0.008 0.020 0.050 0.001 0.002 4.70 7.00
1 R/09/q? 963 5 0 021 0 010 0.190 0.430 1.000 1.000 2000 100 1.00 0.790 0.002 0.007 0.005 0.060 0.001 0.002 1.60 6.90
19/0292 993 1 0.035 0.060 0.180 1.200 3.000 9.000 1500 550 0.50 0.730 0.002 0.012 0.012 0.040 0.001 0.002
21.80 5.20 8.80 2Z 70
19/0292 993 2 0.094 0.040 0.950 1.600 5.000 18.000 10 5 0.50 0.690 0.002 0.007 0.015 0.010 0.001 0.002
23.70 11.00 7.50 21.00
19/0292 993 3 0.078 0.160 0.740 1.000 5.000 19.000 1000 40 0.50 0.940 0.002 0.008 0.027 0.010 0.001 0.002 23.40
1Z 00 7.20 22.90
19/0292
------
993 4 0.009 0.070 0.170 0.720 3.000 8.000 150 90 0.50 0.750 0.002 0.002 0.002 0.010 0.001 0.002 22.50 3.20 7.10 2Z 10
19/0292 993 5 0 025 0.070 0.180 0.790 3.000 6.000 2000 170 0.50 0.800 0.002 0.006 0.006 0.050 0.001 0.002 23.80 3.40
•7.20 23.20
22/04'92 1 027 1 0 074 0.420 1.600 1.400 7.000 4.000 0 3500 0.50 0.720 0.002 0.022 0.018 0.100 0.001 0.002 18.50
7.80 23.60
22/0 <V92 1 027 2 0.092 0.250 0.005 1.800 5.000 17.000 110 10 - 0.50 0.830 0.002 0.014 0.021 0.050 0.001 0.002 18.90 7.20 26.40
22/04̂ 92 1 027 3 0 088 0.050 0.005 0.790 8.000 14.000 1100 150 4.00 1.300 0.002 0.008 0.029 0.045 0.001 0.002 18.90 7.60 23.40
22/04/92 | 1 027 4 0 028 0 350 0.300 0.880 1.500 12.000 470 80 0.50 0.990 0.002 0.002 0.005 0.040 0.001 0.002 19.10 7.50 * 29.00
22/04/92 1 027 5 0 029 0 100 0.005 0.630 1.500 2.000 200 100 0.50 0.680 0.002 0.008 0.005 0.030 0.001 0.002 18.20 7.30 2Z 70
0 061 0 320 1 600 1 400 5.000 8.000 350 1900 ZOO 0.620 0.002 0.008 0.002 0.040 0.001 0.002
7.40 23.20
20/0292 1 064 2 0 160 0 040 0.940 1.900 1Z 000 21.000 680 120 ZOO 1.300 0.002 0.008 0.031 0.030 0.001 0.002 7.70 19.00
3 0 108 j 0 080 0 180 1.400 4.000 29.000 520 10 3.00 0.650 0.002 0.006 0.015 0.010 0.002 0.002 8.20 22.50
20/0 ^92 1 046 4 0 013 0.250 0.430 0.690 0.500 5.000 1500 60 1.00 0.810 0.002 0.002 0.002 0.040 0.001 0.002 7.30 21.10
20/0292 1 055 5 0.027 0.040 0.040 0.620 0.500 3.000 770 160 1.00 0.670 0.002 0.005 0.009 0.030 0.001 0.002
7.40 2200
08/0292 1 074 1 0.039 0.340 1.420 0.950 2.000 8.000 3900 750 0.50 0.420 0.002 0.002 0.002 0.028 0.001 0.002
7.30
08/0292 1 074 2 0.060 0.150 0.980 0.920 5.000 18.000 210 30 0.50 0.945 0.002 0.002 0.011 0.020 0.001 0.002
• 7.00 21.50
08/0292 1 074 3 0 064 0.090 0.430 1.300 1.500 17.000 10 5 0.50 0.650 0.002 0.002 0.008 1 0.006 0.002 0.002
18.70
1 074 0 025 0 180 0.440 0.670 1.500 5.000 90 10 0.50 0.180 0.002 0.002 0.002 i 0.005 0.001 0.002 7.30 21.70
1 08/0292 1,074 5 0.019 0.050 0.140 0.500 1.500 4.000 550 100 0.50 0.500 0.002 0.160 0.014 1 0.053 0.040 i 0.410
7.30 2200
APPENDIX F
CRITERIA FOR ORGANOCHLORINES 
(from State Pollution Control Commission 1990)
ORGANOCHLORINES CRITERIA (mg/L)
a-BHC 0.01 x 10'3
HCB 0.01 x 10‘3
b-BHC 0.01 x 10~3
g-BHC 0.01 x 10'3
Heptachlor 3.8 x 10'6
Aid rin 3 x 10'6
Heptachlor Epoxide 3.8 x 10"6
Endosulphan 0.05 x 10'6
DDE 1.05
Dieldrin 1.9 x 10'6
Endrin 2.3 x 10~6
DDD 1 x 10~6
DDT 1 x 10'6
Metoxychlor 0.03 x 10'3
Chlordane 4.3 x 10'6
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